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ABSTRACT 
The c o l l e c t i o n of data1, and the r e s u l t s of a d e t a i l e d 
magnetic survey on the crest of the Iceland-Faeroes Rise 
are described. 
A matrix method i s developed to transform g r a v i t y anomalies 
t o magnetic anomalies, and vice versa, t o determine the r a t i o 
of magnetism t o density i n an equivalent l a y e r , to solve f o r 
the angle of magnetisation of a body causing a magnetic anomaly 
and t o separate magnetic anomalies caused by d i f f e r e n t types 
of source body. 
The data from the d e t a i l e d survey area are i n t e r p r e t e d as 
supporting the conclusions of previous authors that the c r u s t a l 
s t r u c t u r e of the Iceland-Faeroes Rise i s h i g h l y anomalous f o r 
an oceanic s e t t i n g , and i s s i m i l a r to t h a t of Iceland, w i t h at 
l e a s t two magnetic layers which contain c e n t r a l i n t r u s i v e 
complexes; g r a n i t i c rocks may also be present. 
The matrix methods developed i n the f i r s t part of t h i s 
work are used to i n t e r p r e t g r a v i t y and magnetic data from a 
previous Durham survey on the Iceland-Faeroes Rise. Results 
i n d i c a t e t h a t the magnetic anomalies are c o n t r o l l e d by seismic 
s t r u c t u r e on NE - SW p r o f i l e s , but include a component which i s 
independent of seismic s t r u c t u r e which i s of greater significance 
on NW - SE p r o f i l e s . The l a t t e r component i s i d e n t i f i e d as 
magnetisation changes as a f u n c t i o n of time. 
Magnetic and g r a v i t y anomalies from the S c o t t i s h Continental 
Shelf region are used to demonstrate f u r t h e r the scope of the 
matrix methods f o r combined analysis of g r a v i t y and magnetic 
anomalies. 
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The subject of t h i s t h e s i s i s mainly t h a t of the presentation 
and i n t e r p r e t a t i o n of magnetic anomalies on the Iceland-Faeroes 
Rise. Data used i n the i n t e r p r e t a t i o n s were c o l l e c t e d during 
two geophysical surveys conducted by the Geology department of 
the U n i v e r s i t y of Durham: the f i r s t , i n J u l y , 196?, was based 
mainly on widely spaced NW - SE tracks, along the crest of the 
Iceland-Faeroes Rise and i n t o the Norwegian Sea, covered by 
R.R.V. John Murray; the second survey was conducted i n July, 
1969» from m.v. Arran F i r t h , and consisted of closely spaced 
E - W tracks i n a small area on the crest of the Iceland-Faeroes 
Rise. During the f i r s t survey, gravimetric data were also 
recorded, and the f i r s t phase of the second survey was devoted 
to seismic r e f r a c t i o n l i n e s , on the Rise and i n deeper water 
to the south of Iceland. I n t e r e s t i n the o r i g i n of the 
Iceland-Faeroes Rise i s due to i t s obscure sig n i f i c a n c e i n 
the e v o l ution of the northeast A t l a n t i c Ocean by sea-floor 
spreading. 
1.1 Marine magnetic anomalies, sea-floor spreading and the 
North A t l a n t i c . 
The spreading h i s t o r y and age of an ocean basin are usually 
determined from a study of the t y p i c a l l i n e a r magnetic anomalies 
which were f i r s t observed i n the northeast P a c i f i c by Mason and 
Raff (Mason, 1958; Mason and Raff, 1961) and, subsequently, by 
other authors i n a l l the major oceanB (Pitman and H e i r t z l e r , 
1966; H e i r t z l e r et a l . , 1966; Pitman and H e i r t z l e r , 1968; Dickson 
• Van-*.;.. 
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et a l . , 1968; Godby et a l . , 1968; Avery et a*., 1968; Le Pichon 
and H e i r t z l e r , 1968). Use of these anomalies i n the study of 
ocean basin e v o l u t i o n depends on the assumption t h a t they are 
caused by the presence of p o s i t i v e and negative remanent 
magnetisations (Vine and Matthews, 1963)- The hypothesis of 
Vine and Matthews states t h a t the l i n e a r s t r i p s of p o s i t i v e 
and negative magnetic anomalies form a record of geomagnetic 
f i e l d p o l a r i t y r e v e r s a l s , from the time of the i n i t i a l opening 
of an ocean to the present day. The record i s b u i l t up as a 
sequence of thermo-remanent magnetisations w i t h i n b a s a l t i c 
a d ditions t o the oceanic crust as they cool through the Curie 
temperature p o i n t . Thus, the l i n e a r magnetic anomalies of 
the Raff-Mason type are isochrons, w i t h a s t r i k e d i r e c t i o n 
perpendicular to the r e s u l t a n t d i r e c t i o n of spreading of a 
p a r t i c u l a r region of the ocean f l o o r . 
The l i n e a r magnetic anomalies themselves have been 
recognised to e x h i b i t symmetry i n d i s t r i b u t i o n about the axes 
of mid-ocean ridge systems on p r o f i l e s perpendicular t o the 
s t r i k e of the r i d g e s . Each major component of t h i s symmetry i s 
i d e n t i f i e d by a number based on a convention established by 
Pitman et a l . (1968), and each number has been assigned an age 
on the time scale of H e i r t z l e r et a l . O 9 6 8 ) , or modifications 
of t h i s time scale. Thus, the determination of the spreading 
h i s t o r y of a p a r t i c u l a r oceanic area depends on the r e c o g n i t i o n 
of the numbered sequence of anomalies, or by c o r r e l a t i o n of the 
magnetic anomaly p a t t e r n w i t h t h a t of an area f o r which a 
spreading h i s t o r y has been established. 
I n r e l a t i n g the e v o l u t i o n of an ocean basin to the concept 
of sea-floor spreading i t i s o f t e n necessary t o consider the e f f e c t s 
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of various d i s t u r b i n g phenomena which complicate or obscure the 
magnetic p a t t e r n . The o f f s e t s i n the pattern caused by transform 
f a u l t s (Wilson, 19&5) c a n produce anomaly configurations of 
great complexity, such as the series of sigmoidal patterns 
noted o f f the west coast of North America (Menard and Atwater, 
1968). A global pause i n spreading a c t i v i t y may have occurred 
from kQ mybp to 10 mybp (Ewing and Ewing, 1967) which would 
cause j u x t a p o s i t i o n of magnetic anomalies caused by volcanic 
m a t e r i a l of s i g n i f i c a n t l y d i f f e r e n t ages. Migration of the 
spreading axis i t s e l f has been proposed (Johnson and Heezen, 
1967; Vogt et a l . , 1970) and also two active spreading axes 
may have existed simultaneously i n a single ocean basin (Godby 
et a l . , 1968). I n a d d i t i o n , much information on the i n i t i a l 
spreading rates and d i r e c t i o n s f o r parts of the north A t l a n t i c , 
as determined from magnetic anomalies, i s obscured by the 
magnetic quiet zone, the boundary of which i s su b - p a r a l l e l to 
the c o n t i n e n t a l slope ( H e i r t z l e r and Hayes, 1967)« 
Complexity i n the marine magnetic anomaly p a t t e r n i s o f t e n 
associated w i t h marginal transformations between areas that 
d i f f e r i n spreading h i s t o r y . Such marginal complexity can 
e f f e c t i v e l y obscure the r e l a t i o n between adjacent ocean basins 
which, i n d i v i d u a l l y , e x h i b i t a magnetic anomaly p a t t e r n of 
r e l a t i v e r e g u l a r i t y . 
A s i t u a t i o n of t h i s type e x i s t s i n the northeast A t l a n t i c , 
of which a physiographic map i s shown i n f i g . 1.1; a re s i d u a l 
t o t a l f i e l d magnetic anomaly map, from the aeromagnetic survey 
of Avery et a l . (1968) over the northern part of t h i s area, i s 
shown i n F i g . 1.2. The area may be divided i n t o three sub-areas, 
based on a c l a s s i f i c a t i o n by magnetic anomaly patterns and s t r i k e 
0<* 
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F i g 1.1 Physiographic map, l o c a t i o n of relev a n t features, 
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d i r e c t i o n s . North of the WWW - ESE trending Jan Mayen Fracture 
Zone, a system of anomalies, of general trend NE - SW, i s 
associated w i t h the spreading axis of the Mohns Ridge (Vogt et a l . 
1970)* South of the Jan Mayen Fracture Zone, i n the Norwegian 
Sea and on the Icelandic Plateau,1, the main anomaly trend i s N - S 
w i t h shorter wavelength anomalies t o the west of the aseismic 
South Jan Mayen Ridge. F i n a l l y , the southernmost sub-area, i n 
the A t l a n t i c basin south of Iceland, i s characterised by NE - SW 
trending anomalies associated w i t h the active Reykjanes Ridge 
se c t i o n of the main Mid-Atlantic Ridge ( H e i r t z l e r et a l . , 1966; 
Godby et a l . , 1968; Talwani et a l . , 1971). The two marginal 
zones between these sub-areas e x h i b i t d i f f e r e n t magnetic anomaly 
characters: the Jan Mayen Fracture Zone i s associated w i t h a 
N - S change i n the p r i n c i p a l s t r i k e d i r e c t i o n of the anomalies, 
from N - S to NE - SW; the southern marginal zone includes 
the Iceland-Faeroes Rise and i s of great complexity. 
1.2 The s e t t i n g of the Iceland-Faeroes Rise. 
The Iceland-Faeroes Rise forms part of a NW - SE trending 
aseismic ridge which extends from the east coast of Greenland 
to the European c o n t i n e n t a l s h e l f north of Scotland. I n t u r n 
t h i s ridge system, which reaches topographic culminations i n 
Iceland and the Faeroe Islands, i s i n t i m a t e l y associated w i t h 
the concept of a Thulean igneous province, of extent from 
B a f f i n I s l a n d , through Greenland t o northwest Scotland and Antrim 
and of predominantly T e r t i a r y age. 
1.2.1 Sea-Floor spreading h i s t o r i e s . 
Southwest of t h i s ridge system, spreading i s based on the 
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Reykjanes Ridge and i t s r e l a t i o n to the opening of the main 
A t l a n t i c Ocean. The spreading h i s t o r y of t h i s region appears 
to be r e l a t i v e l y simple, but to be ba&ed on several stages, 
during which the openings between Labrador and Greenland, and 
Europe and Rockall were also developed. The f o l l o w i n g sequence 
iis taken from Le Pichon et a l . ( i n press) v/ho proposes that the 
i n i t i a l opening of the north A t l a n t i c occurred i n the l a t e 
Cretaceous: 
1) Before anomaly 32 (76 mybp) there was opening 
between Rockall and Europe. 
2) Between anomalies 32 and 2k (76 to 60 mybp) the 
f i r s t two t h i r d s of the Labrador Sea were created. 
3) Between anomalies 2k and 20 (60 to 49 mybp), there 
was a t r i p l e j u n c t i o n of active ridge axes i n the 
North A t l a n t i c , w i t h spreading i n the Labrador Sea, 
continued spreading i n the main A t l a n t i c Ocean and 
spreading from the newly formed Reykjanes Ridge. 
k) A f t e r anomaly 20 (49 mybp), spreading i n the 
Labrador Sea i s much reduced, and f i n a l l y ceases, 
while t h a t from the Reykjanes Ridge continues. 
Laughton (1971) states e s s e n t i a l l y the same sequence, w i t h 
j c 
the exception that t h i s author considers the Rockall trough 
to be the s i t e of a complex transform f a u l t system associated 
w i t h the Iceland-Faeroes Rise as a f o s s i l mid-ocean ridge , and 
not as the s i t e of an e x t i n c t spreading axis. 
Spreading rates on the Reykjanes Ridge have been subject 
t o f l u c t u a t i o n (Vogt et a l . , 1970), but d i r e c t i o n has remained 
e s s e n t i a l l y constant at 095°T since at le a s t kO mybp^«a 
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The l a t e s t period of spreading began about 18 mybp (Vogt et a l . , 
1970) at a r a t e which has been constant f o r at le a s t the l a s t 
10my (Talwani et a l . , 1971), at 1.15cra/yr i n the d i r e c t i o n 095°T 
or 0.98cm/yr i n a d i r e c t i o n perpendicular to the axis (Vogt et a l . , 
1970). While the spreading c o n f i g u r a t i o n associated w i t h t h i s 
a x i s appears t o be r e l a t i v e l y simple, i t has been suggested that 
two dormant spreading axes are located symmetrically about the 
Eeykjanes Ridge and p a r a l l e l to the present active a x i s , at a 
distance of 260km on e i t h e r side (Godby et a l . , 1968). 
North of Iceland and the Greenland-Scotland ridge system, 
the h i s t o r y appears to be more complicated. Vogt et a l . (1970) 
consider t h a t Norway and Greenland began to separate approximately 
60 - 70mybp, and that the l o c a t i o n of the Mohns Ridge, i n a 
median p o s i t i o n w i t h respect to the opposite c o n t i n e n t a l shelf 
areas, suggests a si n g l e spreading axis f o r the whole opening 
n o r t h of the Jan Mayen Fracture Zone. Between the Jan Mayen 
Fracture Zone and Iceland, Vogt et a l . (1970) showed that the 
distance between the South Jan Mayen Ridge and iihe edge of the 
Norwegian c o n t i n e n t a l s h e l f ( f i g . 1.1) i s approximately equal 
to the t o t a l width of spreading generated by the Mohns Ridge 
from 60 to ^ 2mybp. The a c t i v e Iceland-Jan Mayen Ridge i s 
located west of the aseismic South Jan Mayen Ridge and thus, l i e s 
much closer t o Greenland than to Norway. A s h i f t of spreading 
axis has been postulated from the east, to the west side of the 
South Jan Mayen Ridge (Johnson and Heezen, 19^7; Vogt et a l . , 
1970). The e x t i n c t axis i s marked by a l i n e of seamounts i n the 
Norwegian Sea (Vogt et a l . , 1970) known as the Pinro Volcanorium 
( F i g . 1 .1) , from which spreading ceased at about A-2mybp. The 
present a c t i v i t y on the Iceland-Jan Mayen Ridge has been continuous 
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since at l e a s t 10mybp (Vogt et a l . , 1970). The South Jan 
Mayen Ridge i s now regarded as a s l i v e r of Greenland l e f t between 
the present p o s i t i o n of the spreading axis and the e x t i n c t axis 
(Johnson and Heezen, 1967). 
Within t h i s c o n f i g u r a t i o n of sea-floor spreading, the 
Greenland - Scotland r i d g e i s a l a t e r a l ridge of the type defined 
by Wilson O963) , who considered t h a t both the Greenland -
Scotland and the Rio Grande - Walvis ridge systems represented 
sections of the oceanic crust formed at and spreading from 
'hot spots' on the a c t i v e a x i s . The 'hot spot' i s a section 
of the raid-ocean ridge where volcanic a c t i v i t y i s more intense. 
1.2.2 Magnetic anomalies. 
The t o t a l f i e l d aeromagnetic map of Avery et a l . (1968) over 
the Iceland-Faeroes Rise ( f i g . 1.3) shows the complexity i n the 
magnetic s t r u c t u r e over the c r e s t a l plateau. The regular 
NE - SW Raff-Mason type of anomalies i n the ocean basin to the 
south of Iceland r e a l i g n over the crest of the Iceland-Faeroes 
Rise i n t o a N - S trend, w i t h a marked shortening of wavelength 
i n the E - W d i r e c t i o n and an increase i n amplitude. Off the 
north - east f l a n k of the Rise, the dominant trend i s again 
NE - SW u n t i l the N - S anomaly p a t t e r n of the Norwegian Sea i s 
developed at about 65°N. 
Within the N - S p a t t e r n of anomalies on the crest of the 
Rise, complexity i s increased by the presence of some NW - SE 
trendi n g anomalies, p a r t i c u l a r l y towards the south and on the 
Faeroes s h e l f area. Towards the north, the zone of high wavenumber 
N - S anomalies narrows and peters out by about 65°N. Anomalies 
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U'lg 1 . 3 T o t a l H e l d aeromagnetic, Iceland-Faeroes Rise. 
Area o f d e t a i l e d survey, I969, o u t l i n e d . 
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R i s e are found a l s o on the Wyville - Thompson Ridge, between 
the Faeroes and Scotland, and have been confirmed, from the 
r e s u l t s of a d e t a i l e d shipborne survey, on the Faeroes Bank 
(Dobinson, 1970). 
Over I c e l a n d i t s e l f , Serson et a l . , (1968) noted a large 
p o s i t i v e magnetic anomaly a s s o c i a t e d with each branch of the 
Neovolcanic Zone i n southern I c e l a n d . The trend of l o c a l 
anomalies i s NE - SW i n the southern h a l f of Iceland, but 
becomes N - S i n the nofcth a f t e r an abrupt change i n d i r e c t i o n 
at 65°N. 
The widely spaced f l i g h t l i n e s of Avery et a l . , (1968) did 
not permit f u l l r e s o l u t i o n of l o c a l trends and c o n t i n u i t i e s i n 
the magnetic p a t t e r n on the c r e s t of the I c e l a n d - Faeroes Rise, 
and i t was to enable a more complete i n v e s t i g a t i o n of these 
l o c a l f e a t u r e s that the d e t a i l e d survey from m.v. Arran F i r t h 
was conducted i n 1969* 
A d e t a i l e d magnetic survey, conducted by the German 
Hydrographic I n s t i t u t e (Hamburg) from FS Meteor i n 1968, showed 
great i r r e g u l a r i t y i n the magnetic pattern over the southern 
h a l f of the Iceland-Faeroes R i s e ( F l e i s c h e r , personal communication), 
with N - S, NE - SW, NW - SE trending f e a t u r e s . There are also 
l o c a l anomalies of c i r c u l a r or e l l i p t i c a l form, with amplitudes 
up to 1500 gamma. Johnson and Tanner (1971) have discussed the 
r e s u l t s of a semi-detailed shipborne survey over the northern 
h a l f of the I c e l a n d - Faeroes R i s e , and these authors take note 
of a NW - SE trending feature w i t h i n the l i m i t s of the area 
covered by m.v. Arran F i r t h . 
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1.2.3 Bathymetry and se i s m i c r e f l e c t i o n p r o f i l i n g . 
The Iceland-Faeroes r i s e i s i n the form of an elevated, 
g e n t l y domed plateau, r a t h e r than the "range and v a l l e y 1 sea-
f l o o r topography of the Mid-Atlantic Ridge. On the c r e s t of 
the R i s e , bathyraetric r e l i e f i s low ( f i g . 1»*0; the sea f l o o r i s 
g e n e r a l l y at a depth of 500 - 600m, with l o c a l features and 
sc a r p s r i s i n g to 100 - 150m above the general l e v e l ( F l e i s c h e r , 
p e r s o n a l communication). T h i s smooth c r e s t a l topography i s not 
u s u a l l y a s s o c i a t e d with a complex system of magnetic anomalies 
i n the absence of f a u l t i n g ; such high wavenumber anomalies are 
observed over ocean ridges of rough topography, and i n the 
presence of r i f t i n g (Vogt et a l . , 1969)* To the north-east, 
the R i s e i s bounded by steep f l a n k s descending to 2500m i n the 
b a s i n of the Norwegian Sea, while to the south-west, the 
bathymetric gradient i s more gentle towards the A t l a n t i c basin 
south of I c e l a n d . The j u n c t i o n of the R i s e with the two ' s h e l f 
a reas of I c e l a n d and the Faeroes i s marked, i n each case, by a 
steep scarp of about 200m ( f i g . 1.*0. 
The presence of high wavenumber magnetic anomalies i n d i c a t e s 
t h a t 'basement', of presumably igneous o r i g i n , outcrops at or 
c l o s e to the sea f l o o r over most of the Iceland-Faeroes R i s e . 
A s h o r t air-gun s e i s m i c r e f l e c t i o n p r o f i l e , recorded during the 
1969 survey of m.v. Arran F i r t h , was unable to detect any 
sedimentary cover i n the c r e s t a l region (Peacock, p r i v a t e 
communication). Subsequent r e f l e c t i o n p r o f i l e s (Jones et a l . , 
1970; Johnson and Tanner, 1971) have shown that the north-east 
f l a n k s are covered by a t h i c k wedge of sediment, while over the 
c r e s t a l region and the more gentle south-west slopes, the 
sedimentary cover i s present only l o c a l l y , where i t i s very t h i n . 












in CO CO CO CO O 
ON 
to -P (D H 
a c» cn 
h O T i CD -P cd i-3 co a 
U c3vo o -p ON-H (1) ^ >H -P 1 ^ W CO 
V Pa 0 ) F H U0 -P CO cj tH CO U -H CD I . C O fctOH M 
- 10 -
Core samples obtained during the survey of FS Meteor i n 1968, 
from the south-west s e c t i o n of the Iceland-Faeroes Ris e 
contained only rock and s h e l l fragments; t h i s content was 
considered to be due to overflow of water from the Norwegian 
Sea, which r e s u l t s i n the removal or non-deposition of fi n e 
m a t e r i a l (Sarginson, 1969). The same mechanism was invoked by 
Jones et a l . (1970) to e x p l a i n the asymmetrical d i s t r i b u t i o n 
of sediment on the R i s e , 
1.2.^ Age dating and petrology. 
•ft 
The concept of a T e r t i a r y B r i t i s h - A r c t i c , or Thulean, 
igneous province, once of wide extent but now r e s t r i c t e d to 
Antrim, north-west Scotland, the Faeroes, I c e l a n d and parts 
of Greenland due to d i f f e r e n t i a l subsidence, has been modified 
s i n c e the general acceptance of sea f l o o r spreading and as 
i s o t o p i c dating has shown that I c e l a n d represents a much 
younger phase of a c t i v i t y . 
I t i s g e n e r a l l y accepted that detectable movement between 
Greenland and Europe was i n i t i a t e d at about 60mybp (Vogt et a l . , 
1970; Le Pichon et a l . , i n p r e s s ) , although the i n i t i a l s p l i t 
was somewhat e a r l i e r . An age of 60my has also been recorded 
f o r a number of features of igneous o r i g i n which are probably 
a s s o c i a t e d with the development of a spreading a x i s . The 
ba s a l t p i l e of the Faeroes has been dated on K/Ar r a t i o s at 
50 - 60my ( T a r l i n g and Gale, 1968), a date that i s consistent 
with the Lower Eocene age obtained from palynological s t u d i e s ; 
a s i m i l a r age has been obtained for Ro c k a l l (Moorbath and Welke, 
1968). Both of these seem to have been contemporaneous i n 
formation with the T e r t i a r y a c t i v i t y i n north-west Scotland 
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i f the I s l a n d of Skye i s a rep r e s e n t a t i v e area (Moorbath and 
Welke, 1969)» However, I c e l a n d represents a much younger 
phase of a c t i v i t y ; the eastern part of the country, which 
i n c l u d e s the o l d e s t exposed rocks, has been dated at 15ray 
(Moorbath et a l . , 1968). Thus the age of the Iceland-Faeroes 
R i s e f a l l s w i t h i n the range 15 - 60my i f i t forms part of the 
evolution of the north-east A t l a n t i c by sea f l o o r spreading. 
The geometry of i t s l o c a t i o n i s i n favour of the Rise being 
formed during the spreading process, and argues against i t s 
presence as a p r e - e x i s t i n g f e a t u r e . 
The Iceland-Faeroes R i s e i s terminated to the north-west 
and to the south-east by land areas i n which the geology has 
been i n v e s t i g a t e d quite e x t e n s i v e l y . 
To the north-west, I c e l a n d has been shown to c o n s i s t of 
Tertiary-Recent l a v a s , p y r o c l a s t i c s and i n t r u s i v e s . Ages 
i n c r e a s e i n approximately an E - W d i r e c t i o n from the so c a l l e d 
• c e n t r a l graben', containing exposed Quaternary Volcanic 
m a t e r i a l , outwards to the wholly T e r t i a r y areas. The T e r t i a r y / 
a r e a of eastern I c e l a n d has been shown to c o n s i s t of two types 
of igneous a c t i v i t y (e.g. Walker, 19^3)5 f i s s u r e c o n t r o l l e d 
eruptions have produced vast q u a n t i t i e s of flood b a s a l t s i n 
which are s e t c e n t r a l v o l c a n i c i n t r u s i v e complexes a s s o c i a t e d 
with magma r e s e r v o i r s at a high l e v e l i n the crust and a wide 
v a r i e t y of rock types due to extensive d i f f e r e n t i a t i o n of the 
parent magma (Carmichael, 196*0. Further petrologic v a r i a t i o n 
i n I c e l a n d i s provided by the presence of an a l k a l i - b a s a l t 
trend, p o s s i b l y i n a s s o c i a t i o n with the tapping of a deeper 
magma source along f r a c t u r e zones (Sigurdsson, 1970). 
To the south-east, the exposed rocks on the Faeroe I s l a n d s 
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c o n s i s t of a t h i c k sequence of b a s a l t s (Noe - Nygaard and 
Rasmussen, 1968) which g e n e r a l l y become more ba s i c up the 
succ e s s i o n , from q u a r t z - t h o l e i i t e s to o l i v e n e - t h o l e i i t e s . 
The graduation i n composition has been explained (Noe - Nygaard 
and Rasmussen, 1968) i n terms of an incr e a s i n g depth for magma 
segregation with decreasing age, an explanation that i s i n 
accordance with a continuous i n c r e a s e i n distance from an 
a c t i v e spreading a x i s . 
The compositions of the Thulean volcanics are anomalous 
i n an oceanic area; Chayes (196^) omitted the l a v a s of the Jan 
Mayen and the whole of the Thulean group, including Iceland, 
from h i s oceanic c l a s s i f i c a t i o n s as they were considered to be 
of c o n t i n e n t a l type. The proportion of a c i d l a v a s and 1 
i n t r u s i v e s i n eastern I c e l a n d a s s o c i a t e d with centres such as 
Thingmuli (Carmichael, 196h) i s at about the l i m i t of that 
obtainable by f r a c t i o n a t i o n from a parent b a s a l t i c magma, but 
cSatope. 
the r e s u l t s of K/Rb r a t i o determinations show no dif f e r e n c e 
between I c e l a n d i c a c i d and bas i c rocks (Sigurdsson, 196?)» and 
the I c e l a n d i c a c i d rocks show no s i g n of contamination 
a s s i m i l a t i o n of an ancient c r u s t a l source of lead, as shown 
from isotope s t u d i e s on the i n t r u s i v e s of Skye (Moorbath and 
Welke, 1969) and from R o c k a l l (Moorbath and Welke, 1968). Thus, 
the a c i d rocks of I c e l a n d seem to be derived from a b a s a l t i c 
parent by a process of d i f f e r e n t i a t i o n that i s anomalously 
extensive and e f f i c i e n t i n an oceanic environment. 
The quartz-normative t h o l e i i t i c lavas of the Faeroe 
I s l a n d s are a l s o unusual, when compared to s i m i l a r rocks from 
a c t i v e ocean ridges, i n t h e i r c o n s i s t e n t l y higher i r o n and 
titanium content (Noe - Nygaard and Rasmussen, 1968). 
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1.2.5 Seismic r e f r a c t i o n and g r a v i t y measurements. 
The anomalous ch a r a c t e r of Ic e l a n d i s evident a l s o i n i t s 
v a r i a b l e c r u s t a l s t r u c t u r e , with a t o t a l t h i c k n e s s of 10 - 15km 
(Palmason, 1970) which i s greater than that of t y p i c a l oceanic 
c r u s t . Palmason (1970) has presented a review of the c r u s t a l 
s t r u c t u r e of I c e l a n d based on the r e s u l t s of previous workers 
i n r e f r a c t i o n seismology (e.g. Bath, 1960; Palmason, 1967) and 
s u r f a c e wave s t u d i e s (Tryggvason, 1962), and on the r e s u l t s of 
recent r e f r a c t i o n experiments. An average c r u s t a l s t r u c t u r e , 
as recognised from r e f r a c t i o n seismology, has been presented by 
Palmason as follows: 
Layer Average P - v e l o c i t y Average density 
(Km/s) (gm/cc) 
0 2.8 2.1 - 2.5 
1 Jf.2 2.6 
2 5.1 2.7 
3 6.5 2.9 
h 7.2 3.1 
Layer 0 has been i d e n t i f i e d with Quaternary l a v a s and 
p y r o c l a s t i c s which form the s u r f a c e l a y e r i n the Neovolcanic 
Zone of I c e l a n d . P - v e l o c i t i e s i n t h i s l a y e r are very 
v a r i a b l e and so i s the t o t a l thickness which i s up to 1000m 
on the a c t i v e Eeykjanes P e n i n s u l a . Layers 1 and 2 are composed 
mainly of T e r t i a r y flood b a s a l t s of the same rock type. I n 
most l o c a t i o n s , l a y e r 1 forms the outcropping l a y e r away from 
the Neovolcanic Zone, but l a y e r 2 i s the s u r f a c e formation i n 
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south-east I c e l a n d . Layer 3 i s not exposed; i t may be 
equivalent to the main oceanic l a y e r , but on I c e l a n d i t has 
considerable v a r i a t i o n i n thickness and depth to i t s upper 
s u r f a c e . The f i f t h r e f r a c t o r , l a y e r *f, i s considered to be 
the uppermost mantle, but of the anomalous low-velocity type 
that has been detected beneath a c t i v e ocean ridges (Le Pichon 
et a l . , 1965)« The c r u s t of I c e l a n d i s thus defined by the 
depth to l a y e r k which v a r i e s from 10 - 15km where detected i n 
r e f r a c t i o n data. 
The b a s a l t p i l e of the Faeroes has been c o r r e l a t e d on P -
wave v e l o c i t i e s with l a y e r s 1 and 2 i n I c e l a n d (Palmason, 1965)* 
A v e l o c i t y corresponding to l a y e r 3 i n I c e l a n d was also recorded, 
and again t h i s l a y e r i s not exposed at the s u r f a c e . 
Seismic r e f r a c t i o n measurements on the Iceland-Faeroes 
R i s e were made as part of the geophysical survey i n 1969 when 
the d e t a i l e d magnetic data was c o l l e c t e d . The lo c a t i o n s of 
two reversed l i n e s , 69/2 and 69/3 on the Ri s e , and of the 
reversed l i n e 69/^, shot i n deeper water, are shown i n F i g 1.4. 
Res u l t s from the r e f r a c t i o n survey (Bott et a l . , 1971) demonstrate 
the presence of a c r u s t a l s t r u c t u r e of l a y e r i n g and v a r i a b i l i t y 
on the Ri s e s i m i l a r to that i n Ic e l a n d , and of t o t a l thickness 
equal to, or greater than that of the I c e l a n d i c c r u s t . Layers 
with v e l o c i t i e s corresponding to l a y e r s 1, 2, 3 and k have been 
i d e n t i f i e d on the Iceland-Faeroes Rise, but i n most cases each 
v e l o c i t y i s s l i g h t l y higher than i t s average equivalent i n 
I c e l a n d . However, i n I c e l a n d the v e l o c i t y i n l a y e r 1 i s 
higher i n the south than i t i s over the r e s t of the country 
and i s of the same order as that recorded by Bott et a l . , (1971)• 
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The f r e e a i r g r a v i t y map presented by Bott et al.(1971), 
compiled from data c o l l e c t e d during the 1967 survey of RRV 
John Murray, i s shown i n f i g . 1.5. Lo c a l anomalies on the 
o r i g i n a l data p r o f i l e s have been r e l a t e d by Bott et a l . , to 
v a r i a b i l i t y i n upper c r u s t a l s t r u c t u r e which was shown to be 
present from the r e s u l t s of the r e f r a c t i o n survey. I n broad 
s t r u c t u r e , Bott et a l . , have shown that the Iceland-Faeroes 
R i s e i s approximately i n i s o s t a t i c equilibrium, with 
compensation provided by c r u s t a l thickening to 20km. These 
authors have i n t e r p r e t e d a change i n l e v e l of the Bouguer 
anomaly, from +110mgal on the Rise to -35mgal i n the bowl-
shaped anomaly f i e l d of I c e l a n d (Einarsson, 195*0 > as being 
caused by l a t e r a l change i n density from the normal upper 
mantle beneath the Rise to Anomalous upper mantle beneath 
I c e l a n d . Thus, Bott et a l . , conclude that the Iceland-Faeroes 
R i s e has been formed by an anomalous type of sea f l o o r spreading 
due to the presence of a 'hot spot' on the Mid-Atlantic Ridge, 
and that the R i s e i s r e l a t e d to Ice l a n d i n the same way that 
more t y p i c a l oceanic c r u s t i s r e l a t e d to a t y p i c a l a c t i v e raid-
ocean ri d g e . I n contrast, Bott et a l . , d i s t i n g u i s h a possible 
change, at the southern end of the Iceland-Faeroes R i s e , to a 
c r u s t of c o n t i n e n t a l type beneath the Faeroe I s l a n d s , and 
suggest that the northern and north western edges of the whole 
Rockall-Faeroes plateau mark the s i t e of a true c o n t i n e n t a l 
edge. This hypothesis r e c e i v e s support from the i n c l u s i o n of 
the Faeroes ' s h e l f , as w e l l as Rockall, i n a p r e - d r i f t 
r e c o n s t r u c t i o n of the north-east A t l a n t i c (Bott and Watts, 1971) 
to produce a b e t t e r o v e r a l l f i t than that produced by the 
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r e c o n s t r u c t i o n of B u l l a r d et a l . (1965). 
i f / / / ' \ A 
bo 
•H 
•P a> •rl nj -P > &4 (D 
?* 1 
U X) -P 
cti O fn H PQ •H CD 03 O f_, H CD a> -P 
0 ) CD «H 
^ -P ^ 
- 17 -
CHAPTER TWO 
COLLECTION, REDUCTION AND DESCRIPTION OF SURVEY DATA. 
The area of the d e t a i l e d magnetic survey was covered during 
the period"8th - 13th J u l y , 1969 from mv Arran F i r t h , and was 
contained by geographical coordinates 63°09'N, 63°35'N; 
09°5o'w, 12°10'w ( f i g . 1.3). 
2.1 C o l l e c t i o n of data, survey procedure. 
The d e t a i l e d magnetic survey on the plateau of the Ic e l a n d -
Faeroes R i s e was conducted on a g r i d of twelve E - W l i n e s . 
The l i n e s were approximately of 100km length and with an average 
spacing of 5km"; the a c t u a l spacing distance between adjacent 
l i n e s v a r i e d l o c a l l y between 2km and 6km due to moderately 
high seas and t r a c k i n g f a i l u r e s of the Loran - C navigation 
equipment. 
A Varian proton p r e c e s s i o n magnetometer, on loan from the 
National I n s t i t u t e of Oceanography at Wormley, was used for 
recording magnetic data. The t h e o r e t i c a l r e s o l u t i o n of t h i s 
instrument i s one gamma. The cabinet containing the r e c y c l i n g , 
counting and v i s u a l d i s p l a y u n i t s of the magnetometer was 
lo c a t e d i n the forward cargo hold of mv Arran F i r t h , and 
produced an analogue paper record of t o t a l f i e l d v a r i a t i o n s . 
An adequate r e c y c l i n g period was determined at 10 seconds, and 
t h i s value was used throughout the survey. After a study of 
the t o t a l f i e l d v e r s i o n of the aeromagnetic map ( f i g . 1.3)» 
the f u l l s c a l e d e f l e c t i o n of the pen recorder was s e t at 1000 
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gamma to accommodate the expected steep gradients. During the 
survey period, the ship's speed was e i t h e r 5 knots, while an 
airgum seismic r e f l e c t i o n p r o f i l i n g system was being tested, 
or 8 knots, when the guns were out of the water; thus, values 
of magnetic f i e l d were recorded at i n t e r v a l s of 20m or 35«i 
along the l i n e s . An a d d i t i o n a l pen on the display u n i t of the 
magnetometer was used to w r i t e time marks on a side t r a c e of 
the analogue record, at i n t e r v a l s of 10 minutes. These time 
t i c k s were produced by a manual D.C. switch located near the 
navigation equipment on the bridge of mv Arran F i r t h . The 
magnetometer u n i t and paper record were checked hourly when 
day, time and the f i r s t two f i g u r e s of f i e l d strength were 
w r i t t e n against the s i x t h time t i c k . 
The sensing head ' f i s h ' of the magnetometer was towed 
150m a s t e r n to reduce the d i s t u r b i n g e f f e c t due to the survey 
s h i p . This e f f e c t was a l s o minimized by the east-west 
c o n f i g u r a t i o n of the survey l i n e s ( B u l l a r d and Mason, 1963)* 
Navigational coordinates were recorded at i n t e r v a l s of 10 
minutes, by use of a continuous tracking Loran - C r e c e i v e r , 
f o r which a f i x accuracy of 300m i s claimed. Time marks were 
entered on the magnetic record for each navigation f i x . The 
Loran r e c e i v e r required r e s e t t i n g on occasions due to temporary 
t r a c k i n g f a i l u r e s . Other i n t e r r u p t i o n s were caused by f a i l u r e s 
i n the power supply, which a l s o accounts for some gaps i n the 
magnetic record. 
2.2. Co r r e c t i o n and reduction of data. 
The treatment of magnetic data must include a consideration 
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of the 'noise' l e v e l introduced by time dependent v a r i a t i o n s 
i n the earth's f i e l d . This noise includes the two main types 
of disturbance due to short period d a i l y v a r i a t i o n (measured 
i n hours) and the longer period s e c u l a r v a r i a t i o n (measured i n 
months). Magnetic storms, of more random occurrence, c o n s i s t 
of higher amplitude, higher frequency f l u c t u a t i o n s , and can 
render magnetic data too u n r e l i a b l e for i n t e r p r e t a t i o n . As 
the survey l a s t e d only f i v e day^y the disturbing e f f e c t of 
s e c u l a r v a r i a t i o n i s n e g l i g i b l e . 
I n treatment for the e f f e c t s of the d a i l y v a r i a t i o n , 
which i s i n f l u e n c e d by l o c a l geographic and atmospheric 
conditions, surveys over land make use of corrections derived 
from the magnetograras of the observatory nearest the survey 
are a . For marine surveys i n areas w e l l away from land, the 
a p p l i c a t i o n of c o r r e c t i o n s for the d a i l y v a r i a t i o n i s more 
u n c e r t a i n . I f the f a c i l i t i e s are a v a i l a b l e , a recording 
s t a t i o n on a moored buoy i n the survey area can be used as a 
source of data on l o c a l v a r i a t i o n s (Cann and Vine, 19&6). 
A l t e r n a t i v e l y , information from p e r i p h e r a l land observatories 
may be used to i n d i c a t e the r e l i a b i l i t y of magnetic data, by 
use of K i n d i c e s . The K index describes the range and rate 
of change of a f i e l d component, as measured at a p a r t i c u l a r 
observatory ( B a r t e l s , 1957)* and i s a q u a n t i t a t i v e measure of 
the t o l e r a b i l i t y of time dependent magnetic v a r i a t i o n s . 
I n order to assess the e f f e c t of these v a r i a t i o n s for the 
period of the survey i n 19^9» magnetograms were obtained from 
obse r v a t o r i e s at Leirvogur, i n Southern Iceland, and Lerwick, 
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Shetland. The magnetograms i n d i c a t e d the absence of magnetic 
storms f o r the period of the survey, but were studied to 
determine a l s o the degree of c o r r e l a t i o n between the records 
from the two ob s e r v a t o r i e s . 
There i s quite good phase agreement between Leirvogur and 
Lerwick for v a r i a t i o n s of 8 - 10 hours, i n both the v e r t i c a l 
and h o r i z o n t a l components, although the amplitude of v a r i a t i o n 
i s lower at Lerwick. F i g . 2.1. shows the d a i l y v a r i a t i o n for 
a t y p i c a l Zh hour period during the time of the survey. I n 
the v e r t i c a l component, r e l a t i v e maxima occur at 18 * 1 9 hours 
( u n i v e r s a l time) at both observatories, and both recorded a 
minimum at Ok &ours. Peak to trough ranges of the 8 - 1 0 
hour v a r i a t i o n s at Leirvogur were generally of the order 
30 - 100 gamma i n the v e r t i c a l component. The most intense 
a c t i v i t y occurred i n the i n t e r v a l 00 - 07 hours of 12th Ju l y , 
when o s c i l l a t i o n s of 50 gamma amplitude, and periods of 10 - 30 
minutes were superimposed on h - 6 hour v a r i a t i o n s . Maximum 
amplitudes of the l a t t e r were 100 gamma for the v e r t i c a l 
component and 200 gamma for the h o r i z o n t a l component at 
Leirvogur. Throughout the e n t i r e survey period, the 
amplitude of v a r i a t i o n i n the v e r t i c a l component was lower than 
that of v a r i a t i o n i n the h o r i z o n t a l component. I n the high 
l a t i t u d e s of the survey area ( f i e l d i n c l i n a t i o n of 75°) 
Leivogur and Lerwick, the magnitude of the v e r t i c a l component 
of the earth's f i e l d i s four to f i v e times that of the h o r i z o n t a l 
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Zo = 49390 gamma 
Ho = 120^5 gamma 
Thus v a r i a t i o n i n the h o r i z o n t a l component has a much smaller 
e f f e c t on the t o t a l f i e l d values than does v a r i a t i o n i n the 
v e r t i c a l component. 
The d a i l y v a r i a t i o n as observed at Leirvogur represents a 
root-mean-square e r r o r of kO gamma i n the t o t a l f i e l d measurements 
f o r the survey area; the corresponding e r r o r calculated from 
the Lerwick magnetograms i s 20 gamma. These error estimates 
were calculated from magnetogram values at i n t e r v a l s of 8 hours. 
A c o r r e c t i o n was applied t o the survey data from the 
Leirvogur magnetograms, and was based on a hand-smoothed 
representation of the longer period (A- - 10 hours) v a r i a t i o n s 
f o r both f i e l d components, r e l a t e d by an i n c l i n a t i o n of 7 5 ° . 
These corrections were applied w i t h i n the main reduction 
program, SPHEL (see below). The main uncertainty i n applying 
co r r e c t i o n s i n t h i s way, even w i t h the assurance of some 
c o r r e l a t i o n between f l a n k i n g land observatories, i s a lack 
of knowledge of the behaviour of f i e l d v a r i a t i o n s i n the 
conditions of the open ocean. 
No c o r r e c t i o n was made f o r the lag of the magnetometer 
sensing head r e l a t i v e to the Loran receiving antenna on the 
s t e r n superstructure of mv Arran F i r t h . Neglecting s l i g h t 
divergences from p a r a l l e l i s m i n adjacent ships* tracks, the 
maximum spurious phase d i f f e r e n c e , due to t h i s l a g , on adjacent 
magnetic p r o f i l e s i s two cable lengths, or 300m. This does not 
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a f f e c t q u a n t i t a t i v e i n t e r p r e t a t i o n as t h i s was performed on 
sing l e p r o f i l e s , and the induced e r r o r i n anomaly trends on 
the t o t a l f i e l d and r e s i d u a l maps i s we l l w i t h i n the accuracy 
of hand contouring. 
Further processing of the data was conducted i n f i v e main 
stages, during which the data was converted t o a form s u i t a b l e 
f o r i n t e r p r e t a t i o n , and reg i o n a l f i e l d constants were calculated: 
i ) Conversion of Loran - C navigation readings t o 
geographical coordinates of l a t i t u d e and longitude (a Decca 
program)• 
i i ) Conversion of l a t i t u d e and longitude to g r i d 
coordinates of km no r t h and km east from a f a l s e o r i g i n 
(program GRID). 
i i i ) C a l c u l a t i o n of re g i o n a l f i e l d values f o r each 
navigation f i x (program REGMAG). 
i v ) Conversion of the analogue record of t o t a l f i e l d 
magnetic data t o a d i g i t a l sequence. 
v) The assignment of geographical coordinates t o each 
s t a t i o n p o i n t i n the d i g i t a l data, the c a l c u l a t i o n of distance 
and azimuth between successive s t a t i o n s and reduction to 
re s i d u a l anomalies. This stage was performed by use of the 
main magnetic reduction program SPHEL. 
A l l reduction and i n t e r p r e t a t i o n programs were w r i t t e n 
f o r use on the Northumbrian U n i v e r s i t i e s M u l t i p l e Access 
Computer IBM 360/6? a t Newcastle, unless otherwise stated, i n 
which case computations were performed on the IBM 1130 a t Durham. 
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i ) Conversion of Loran - C Readings to Geographical 
Coordinates* 
Readings of day, time, Loran - C data and ship's heading 
and speed, from the geophysical l o g book of the survey, were 
t r a n s f e r r e d onto punched cards f o r processing on the IBM 1130. 
This stage i n the reduction makes use of a program, developed by 
the Decca Navigation Company, t o solve f o r the i n t e r s e c t i o n 
of two sets of hyperbolae which are the l o c i of constant time 
d i f f e r e n c e i n the reception of Loran master and slave s i g n a l s . 
The program produces a punched card output containing the 
input data plus l a t i t u d e s and longitudes. The output form 
of day and time i s t h a t of an integer and decimal f r a c t i o n of 
a day. This set of output provides the basic c a l i b r a t i o n and 
l i b r a r y record f o r the survey. 
i i ) Conversion of Geographical t o National g r i d Coordinates. 
This stage of the reduction was included as a preliminary 
step i n the preparation of a contour map, and makes use of a 
program w r i t t e n by A. Dobinson (Dobinson, 1970). 
i i i ) C a l c u l a t i o n of the I n t e r n a t i o n a l Geomagnetic Reference 
F i e l d . 
The program t o compute values of the IGRF was w r i t t e n 
at Cambridge and i s based on the work of the I n t e r n a t i o n a l 
Association of Geomagnetism and Aerononry (IAGA), Commission 2, 
Working Group 4. Values of a reference f i e l d , represented by 
a s e r i e s of sp h e r i c a l harmonics, are computed at the corners 
of f u l l degree squares on the e l l i p s o i d surface of the earth 
(IAGA, 1969). Stations which f a l l w i t h i n the degree squares are 
assigned a reference f i e l d value by i n t e r p o l a t i o n . The f i n a l 
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values obtained are those calculated by an e x t r a p o l a t i o n from 
epoch 1965.0 to the date of the survey, by a harmonic 
representation of secular v a r i a t i o n . The user of the program 
i s required only to w r i t e a computer routine f o r s p e c i f i c 
i n p u t and output formats, and f o r c a l l i n g the main operating 
procedures. 
The punched card output from t h i s program contains time 
and geographical coordinates, as w e l l as the r e g i o n a l f i e l d 
values, and forms one s e c t i o n of input to the main magnetic 
reduction program. 
i v ) Conversion of Analogue Magnetic Records to D i g i t a l Form. 
A d i g i t a l sequence was obtained on punched paper tape by 
use of a D - Mac pen f o l l o w e r . The records were prepared f o r 
d i g i t i s a t i o n by d i v i d i n g the data i n t o sections, or blocks, 
contained w i t h i n known time i n t e r v a l s , as defined by the t i c k s 
entered during the survey. Block length was usually 30 minutes, 
but some longer or shorter blocks were necessary to cover gaps 
i n the navigation record, or f o r the end points to coincide 
w i t h changes i n speed or major heading changes. The time of 
s t a r t and f i n i s h of the block, c a l i b r a t i o n coordinates f o r the 
f u l l scale reading of the record and the f i r s t two f i g u r e s of 
the t o t a l magnetic f i e l d were punched onto the tape at the 
s t a r t of each block. 
As the f i e l d over the Iceland-Faeroes Rise contains a 
mixture of anomalous magnetic features, w i t h a wide range of 
s p e c t r a l composition, and also the analogue record was a 
f u n c t i o n of time during which there had been a number of changes 
i n the ship's speed, i t was decided to use a varying d i g i t i s a t i o n 
- 25 -
i n t e r v a l . The analogue record was covered by a sequence of 
d i g i t i s e d points to d i v i d e the wave forms i n t o l i n e a r sections 
of varying lengths. Supplementary points were inserted over 
sections of very long wavelength. Due to the nature of the 
magnetic f i e l d , even short p r o f i l e s contain a s u f f i c i e n t number 
of s t a t i o n p o i n t s , and a coverage of s u f f i c i e n t u n i f o r m i t y to 
ensure adequate c o n d i t i o n i n g of the data f o r use i n least-square 
technique. 
A computer program (SMAG), w r i t t e n by A. Dobinson (1970), 
was used t o convert the D-MAC coordinates of each s t a t i o n point 
i n t o a t o t a l f i e l d value and an abcissa representing a decimal 
f r a c t i o n of the t o t a l duration of the block i n increasing time. 
The output from t h i s program was edited 'manually', and 
i n d i v i d u a l blocks were separated by the i n s e r t i o n of header 
cards containing times of s t a r t and f i n i s h and corrections f o r 
d a i l y v a r i a t i o n . This raw data formed the second input section 
to the main reduction program. 
v) Main Magnetic Reduction Program (SPHEL). 
SPHEL i s a general purpose reduction program f o r marine 
magnetic data i n p r o f i l e form. The programming language i s 
PL /1, and a complete l i s t i n g w i t h input s p e c i f i c a t i o n f o r the 
IBM 360 i s contained i n appendix A. 
The f i r s t s e ction of the program assigns geographical and 
g r i d coordinates, and a value f o r the magnetic regional (IGRF) 
to each d i g i t a l s t a t i o n p o i n t . Assignment i s by a process of 
l i n e a r i n t e r p o l a t i o n based on the time of each c o n t r o l l i n g 
navigation f i x , the times of s t a r t and f i n i s h of each data 
block and the p o s i t i o n of each s t a t i o n w i t h i n i t s block as 
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represented by the f r a c t i o n of the t o t a l duration of the block. 
The c o r r e c t i o n f o r d a i l y v a r i a t i o n i s also made i n the same 
w a y * by assuming a l i n e a r gradient between the values assigned 
to the ends of each block. As the average block duration was 
30 minutes, the i n t e r p o l a t i o n was made over distances of 6 - 9km, 
i n v o l v i n g 30 - 50 s t a t i o n s . Within t h i s distance the change 
i n value of the IGRF depends on the azimuth of the l i n e , but 
i s generally less than 10 gamma, and a l i n e a r i n t e r p o l a t i o n 
i s q u i t e adequate. The IGRF i s subtracted from the t o t a l 
f i e l d value a t each s t a t i o n p o i n t t o produce a r e s i d u a l 
anomaly. 
The second section of SPHEL computes the distance between 
successive s t a t i o n points and suras these values to produce 
cumulative distance along the p r o f i l e . The na t i o n a l g r i d 
coordinates could be used to compute distances i n areas close 
to the centre of the g r i d system where d i s t o r t i o n i s small. 
I n the area of the Iceland-Faeroes Rise, and especially f o r 
long p r o f i l e s , distances are preferably calculated from 
l a t i t u d e and longitude and the formulea of geodesy. For t h i s 
purpose the program DISAZ, w r i t t e n by M.A. Hutton (1970) was 
included i n SPHEL as a subroutine. This subroutine uses 
c o e f f i c i e n t s derived from the I n t e r n a t i o n a l Gravity Formula 
to c a l c u l a t e the distance and azimuth of a second p a i r of 
l a t i t u d e and longitude coordinates r e l a t i v e to a f i r s t p a i r ; 
the azimuth i s cal c u l a t e d i n the form of a back-bearing. 
A t h i r d section of SPHEL computes an a d d i t i o n a l set of 
re s i d u a l anomalies by least-squares regression t o a polynomial. 
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I n the standard version of the program (appendix A), the data 
are used to derive a l i n e a r r e g i o n a l ( f i r s t order polynomial), 
but w i t h s l i g h t m o d i f i c a t i o n , curves of second or t h i r d order 
can be used. The least-squares procedure i s performed by use 
of LLSQ, a standard ro u t i n e of the IBM 360 systems l i b r a r y , 
and included i n the special batch of programs of the S c i e n t i f i c 
Subroutine Package (SSP)(IBM, 1968). 
The c o e f f i c i e n t s produced by f i t t i n g a l i n e t o the data 
consist of a reg i o n a l magnetic value at a false o r i g i n , which 
may be at one end of the l i n e or elsewhere, and a reg i o n a l 
f i e l d gradient along the l i n e w i t h increasing distance. Thus, 
a set of r e s i d u a l anomalies i s derived by subtraction of the 
values of the dependent v a r i a b l e i n the regional equation. 
The f i n a l output of SPHEL consists of a l l or some of 
the f o l l o w i n g f o r each d i g i t i z e d point: 
a) day and time. 
b) distance and azimuth. 
c) l a t i t u d e and longitude. 
d) g r i d coordinates. 
e) t o t a l magnetic f i e l d . 
f ) r e s i d u a l anomaly based on the IGRF. 
g) r e s i d u a l anomaly based on least-squares. 
I n a t y p i c a l performance of SPHEL, w i t h 1055 s t a t i o n 
points and 60 navigation f i x e s , the operation occupied a core 
space of 115k and ran f o r a t o t a l time of 84 seconds, inc l u d i n g 
input and output. 
For the purposes of comparison an a d d i t i o n a l reduction 
procedure was followed f o r the data of the detailed survey 
area. The t o t a l f i e l d data was summed over i n t e r v a l s of 10km 
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to produce an average value f o r t h i s i n t e r v a l , and the average 
values were used i n a least-squares process to produce a 
p l a n e - f i t t e d regional f o r the whole survey area. For t h i s 
procedure, the sequence and program (MMRED - B) of A. Dobinson 
(1970) were followed e x a c t l y . 
Magnetic data from the Durham survey of 1967 were 
d i g i t i s e d and processed by SPHEL; g r a v i t y data from the 
same survey and from the survey of 1968 (Watts, 1970) were 
d i g i t i s e d by hand. 
For c e r t a i n types of i n t e r p r e t a t i o n i t was necessary to 
have the data i n the form of a r e g u l a r l y spaced array of 
s t a t i o n p o i n t s ; t h i s form i s also more e f f i c i e n t f o r input. 
To obtain t h i s form, a Fortran program w r i t t e n by P.J. Gunn 
(personal communication), and based on the cubic spline method 
of Bhattacharyya (19^9)1 was tr a n s l a t e d i n t o PL /1 . 
2.3 Presentation and d e s c r i p t i o n of survey r e s u l t s . 
For the purposes of data presentation and q u a l i t a t i v e 
i n t e r p r e t a t i o n , a p l o t t i n g program w r i t t e n by A.B. Watts 
(1970) was used to prepare data sheets f o r hand contouring. 
Positions w i t h associated gamma values were p l o t t e d by an 
automatic graph p l o t t e r on l i n e t o the IBM 1130. Hand contoured 
maps of t o t a l f i e l d ( f i g . 2 .3)and IGRF resi d u a l anomalies 
( f i g . 2.4) were prepared i n t h i s way. The IGRF resi d u a l map 
was produced to show the general d i s t r i b u t i o n of p o s i t i v e and 
negative anomalies, and contouring i s based on p l o t t e d values 
at i n t e r v a l s of 1km to 1.5km and was drawn without special 
reference t o the contours of the t o t a l f i e l d map. The main 
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features and trends are s i m i l a r on both maps. An a d d i t i o n a l 
p l o t t i n g program was w r i t t e n to convert the d i g i t a l data 
back i n t o an analogue record as a fun c t i o n of distance ( f i g . 2 .2 ) . 
2.3.1 Stacked t o t a l f i e l d p r o f i l e s . 
I n the presentation of t o t a l f i e l d p r o f i l e s ( f i g . 2 .2 ) , 
p r o j e c t i o n onto t r u e east-west l i n e s or c o r r e c t i o n f o r non-
p a r a l l e l i s m of ship's tracks was not attempted; thus, s l i g h t 
spurious differences i n wavelength are to be expected across 
corresponding sections from north t o south. The p r o f i l e s were 
stacked about 11°^©+W, the average centre point f o r each l i n e , 
a c o r r e l a t i o n of even short wavelength anomalies should be 
r e l i a b l e i n the region of t h i s longitude. Towards the 
p r o f i l e ends, only large anomalies may be followed across 
adjacent tracks w i t h confidence. F i n a l l y , a loss of navigation 
f o r part of the western end of l i n e k required that d i g i t i s a t i o n 
be based on long blocks between uncertain f i x e s . The affected 
s e c t i o n has been moved a 'token' distance away from the 
r e l i a b l e data i n the stacked p r o f i l e s , but the gap was closed 
f o r contouring. 
I n f i g . 2.2 c o r r e l a t i o n across p r o f i l e s has been indicated 
f o r some of the l a r g e r anomalies where t h i s was considered 
to be r e l i a b l e . Upper case l e t t e r s denote r e l a t i v e magnetic 
highs, and r e l a t i v e lows are indi c a t e d by lower case l e t t e r s . 
Corresponding anomalies have been l a b e l l e d by the same convention 
on the contour maps. 
I n the f o l l o w i n g d e s c r i p t i o n of the magnetic f i e l d , the 
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g r a p h i c a l l y the true amplitudes, and the t o t a l f i e l d contour 
map ( f i g 2.3) shows the geographical r e l a t i o n of the anomalies. 
Spec i f i c d e s c r i p t i o n of the contour maps w i l l be made below 
to emphasise anomaly trend d i r e c t i o n s . 
An important feature of the d e t a i l e d survey data i s an 
increase i n the f i e l d values to the west of the area. For 
convenience, t h i s w i l l be r e f e r r e d to as 'the reg i o n a l high' 
as i t forms an apparent background f i e l d f o r shorter wavelength, 
high amplitude anomalies such as B, b, E, A and a. Within 
t h i s western section, the high amplitude anomalies stand i n 
r e l a t i v e i s o l a t i o n , while to the east, d i s t i n c t i o n of i n d i v i d u a l 
anomalies i s more d i f f i c u l t due to a greater degree of 
i n t e r f e r e n c e between anomalous features containing a wide 
range of frequencies. 
The r e g i o n a l high represents an increase of 500 - 600 gamma 
i n the t o t a l f i e l d f o r much of the western part of the survey 
area, but there i s a decrease i n t h i s amplitude towards the 
south, and i t may be as l i t t l e as 200 - 300 gamma on l i n e s 1 
and 2 . The e f f e c t i s d i f f i c u l t t o d i s t i n g u i s h i n the south 
due to the dominance of anomalies A and a. This east-west 
change i n magnetic f i e l d l e v e l takes place over a distance of 
10km to 15km on l i n e s 7 through 12, but south of these l i n e s 
the gradient i s more gentle and the change i n l e v e l takes place 
over a distance of about 20km; here, again, the separation of 
d i f f e r e n t components i s uncertain. On l i n e 6, and possibly 
on a l l l i n e s to the south of t h i s , the main gradient of the 
regio n a l high may occur f u r t h e r to the east; the change i n 
l e v e l seems to take place j u s t to the west of low k on l i n e 6. 
i 
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An i n d i c a t i o n of t h i s i s the presence of the steep high 
amplitude low c (900 - 1000 gamma) which has a r e l a t i v e 
s i m p l i c i t y and dominance t h a t i s rare i n the c e n t r a l and 
eastern sections of the survey area, but i s more t y p i c a l of 
anomalies such as a and b. 
Of the high amplitude anomalies i n the west of the area, 
the double feature Bb, on l i n e 9» has the greatest gamma range, 
w i t h a peak to trough d i f f e r e n c e of over 2000 gamma. The 
corresponding difference f o r Aa i s 1000 - 1200 gamma from 
l i n e k on the stacked p r o f i l e s , but a maximum value of about 
1600 gamma i s observed i n a northwest - southeast d i r e c t i o n 
on the contour map ( f i g 2 .3)• Taken i n d i v i d u a l l y , the 
amplitudes of anomalies A, a, B, b and E l i e i n the range 
800 - 1100 gamma, r e l a t i v e t o an estimated background f i e l d 
represented by the r e g i o n a l high. The widths of these anomalies 
l i e i n the range 5 - 12km. Smaller f i e l d v a r i a t i o n s , such as 
those forming the broad area of high G on l i n e 8, are of r e l a t i v e 
amplitude 300 - ^00 gamma, and of width 3 - kkm. I t i s 
possible t h a t the narrow high F continues across l i n e s 8, 9» 
10, and 11. 
Over much of the c e n t r a l and eastern sections of the 
survey area, the anomaly content i s more varied w i t h respect 
t o both amplitude and frequency. Amplitudes are generally 
i n the range 300 - 700 gamma and anomaly widths vary between 
3km and 8km. Longer wavelengths become more obvious to the 
north, f o r example at high I of width 15 - 16km, and on the 
eastern edge of the survey area high H has a width of 12 - 15km, 
w i t h a f u l l amplitude of 900 - 1000 gamma. 
- 32 -
Steep gradients and moderate t o high amplitudes are 
found i n a l l sections of the survey area, even f o r short 
wavelength anomalies, and t h i s supports the inference that 
magnetic basement outcrops at the sea f l o o r . 
2 .3»2 The contour maps. 
The i n t e r r e l a t i o n of features described above i s seen 
on the t o t a l f i e l d map ( f i g 2.3)» and the IGRF r e s i d u a l map 
( f i g 2 . 4 ) . The r e s i d u a l map i s i n e f f e c t a f i l t e r e d map 
(see beginning of se c t i o n 2 .3)• 
The onset of the re g i o n a l high i s marked i n the east by 
gradients w i t h a N - S or NNE - SSW trend, although, i n places 
t h i s i s obscured by the presence of anomalies F, f and c. 
The r e g i o n a l high forms a broad p o s i t i v e anomaly of kOO gamma 
average amplitude ( f i g 2 . 4 ) . On the extreme western margin 
of the survey area, there appears t o be a NE - SW s t r i k i n g 
system of anomalies which a l t e r n a t e between highs and lows 
i n the range 50900 - 51400 gamma ( f i g 2 .3 ) . These are a l l 
p o s i t i v e on the IGRF r e s i d u a l map, but may continue across 
the r e g i o n a l high i n c o n t i n u i t y w i t h such p o s i t i v e and 
negative systems as F, f where the magnetic e f f e c t of the 
broad s t r u c t u r e i s diminished. This c o n t i n u i t y may be 
represented on both maps by the area of high G which i s 
characterised by r e l a t i v e l y gentle f i e l d gradients between 
the two main anomaly c l u s t e r s to the north and south, and 





















Q O) eg 
co CD LO co 
CM 
W) 
8 8 I 




I i s 
8 8 
- 33 -
To the north of anomaly G, anomalies B, b, E, f and F 
form an E - W en echelon system of p o s i t i v e s and negatives. 
Each anomaly has a closed form w i t h elongation N - S or 
NNE - SSW i n r a t i o s 2:1 to 5*1* Anomaly F i s of greater 
elongation but may consist of two smaller p a r a l l e l anomalies 
of NE - SW trend ( f i g 2 . 4 ) . The continuation of high B 
wraps round the northern end of low b, while to the south of 
anomaly G, high A wraps round the southern and eastern edges 
of low a, and achieve maximum amplitude when aligned i n a 
NE - SW d i r e c t i o n . 
Apart from low amplitude superimposed anomalies, such as 
those of high G, the regional high appear to have a magnetic 
u n i t y as a sub area, w i t h the high amplitude anomalies i n 
©•lose association. Anomalies of the type B, b, A, a and E are 
not found over the c e n t r a l and eastern sections of the area, 
and the association w i t h the r e g i o n a l high i s probably geological 
as w e l l as one of l o c a t i o n . Low c and high F are located on 
the eastern margin of the r e g i o n a l high; both are more 
elongate N - S or NNE - SSW, and may characterise the 
t r a n s i t i o n a l zone between the two main l e v e l s i n magnetic 
f i e l d . High D i s also of marked elongation i n a N - S 
d i r e c t i o n and may be association w i t h c and F, although i t 
l i e s f u r t h e r to the east. Between anomalies c and D there i s 
a band of a l t e r n a t i n g highs and lows of N - S trend. I t may 
be of s i g n i f i c a n c e that anomalies c and D approximately cover 
the l a t i t u d e s f o r which high amplitude anomalies are l a c k i n g 
on the regional high. 
East of high D, the area may be subdivided i n t o a northern 
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and a southern subarea about an E - W l i n e t h a t i s approximately 
on the l a t i t u d e of l i n e 6. The northern subarea i s characterised 
by the development of broad areas, such as high I , that are 
elongated i n a NE - SW d i r e c t i o n . These features are mor.e 
evident on the r e s i d u a l map ( f i g 2 .4) where they appear as 
bands of a l t e r n a t i n g p o s i t i v e and negative anomalies of width 
10 - 15km. The widths show a pendency to decrease towards 
the west and the r e g i o n a l high. On f i g 2 .4 , anomalies F and f 
appear t o form par t of t h i s NE - SW system th a t i n t e r f e r e s w i t h 
the r i s e of the f i e l d values towards the r e g i o n a l high. I n the 
southern subarea, and j u s t to the east of the regional high, 
the NE - SW s t r i k i n g system of anomalies r e a l i g n N - S to 
include c and D. Further east, however, the southern aubarea 
contains a number of trends and l o c a l sharp anomalies ( f i g 2 . 3 ) • 
A N - S trend i s present i n places, and i n the southeast corner, 
a number of features s t r i k e NE - SW. 
There i s another difference between the northern and 
southern subareas i n the d i s t r i b u t i o n (by area) of p o s i t i v e 
and negative anomalies, w i t h predominantly negative to the 
n o r t h and p o s i t i v e to the south, though t h i s may be a l o c a l 
p e c u l i a r i t y of the small survey area. This change i n r e l a t i v e 
d i s t r i b u t i o n may occur about a NW - SE feature and not about 
an E - W l i n e . A series of magnetic 'cols' and a deep low 
centred about 63°12 'N, 10°30'W ( f i g 2.3) appear to have a 
c o n t i n u a t i o n to the northwest i n t o low k; the system may 
extend NW - SE across the whole of the survey area. On the 
r e s i d u a l map ( f i g 2 . 4 ) , t h i s feature i s represented by a 
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locus of ' o f f s e t s ' i n the NE - SW system of anomalies. I n the 
d i r e c t i o n of the NE - SW trend, the p o s i t i o n of the transverse 
feature i s marked by the j u n c t i o n of anomalies of d i f f e r e n t 
s i g n . Johnson and Tanner (1971) noted a strong NW - SE 
lineament i n the same area, and although the feature w i t h the 
^f^fk., same trend i n the date^of the present survey i s discontinuous, 
i t does appear to be p e r s i s t e n t , w i t h l o c a l steep gradients. 
Thus on the contour map of Johnson and Tanner, which was based 
on a more widely separated l i n e s , the NW - SE trend could have 
a c e r t a i n dominance w i t h respect t o anomalies of greater 
wavelength than the minimum that was resolved i n the present 
survey data. This would be the case i f the feature did 
represent a p e r s i s t e n t l i n e of o f f s e t s i n NE - SW anomaly 
system, and two anomalies of l i k e sign were contoured as one 
from the data of a survey of inadequate r e s o l u t i o n . 
The status of high H i s uncertain; i t s most prominent 
trend of N - S or NNE - SSW, which i s more t y p i c a l of the 
high amplitude anomalies t o the west of the survey area. The 
presence of NE - SW anomalies to the north and south of high H 
produces a sigmoid p a t t e r n i n the magnetic f i e l d at the eastern 
margin of the area. A s i m i l a r p attern is present over high B, 
and the r e l a t i o n of the region a l high to anomaly co n f i g u r a t i o n 
of the r e s t of the survey area produces a h a l f sigmoid p a t t e r n 
on a l a r g e r scale. 
Reference to the av a i l a b l e bathymetry f o r the area ( f i g 2 .5) 
indicates t h a t the southern part of high H i s associated w i t h 











ON S -P a> ON 
9 H s 
•P fl) -P 
9 
9 







also i n d i c a t e shallower water at the north end of the regional 
h i g h . A f u r t h e r comparison, t h a t of the aeromagnetic map 
( f i g 1.3) w i t h the regional bathymetry ( f i g 1 .4) , indicates 
t h a t the N - S trend i n the magnetic anomalies i s associated 
w i t h r e l a t i v e l y shallow water on a regional scale. The 
conclusion i s t h a t the general sigmoid p a t t e r n of the aeromagnetic 
anomalies (Avery et a l . , 1968) over the Iceland-Faeroes Rise 
i s the response of a survey, based on widely spaced f l i g h t 
l i n e s and w i t h an inherent upward continuation, to an anomaly 
c o n f i g u r a t i o n which, i n d e t a i l , consists of a number of l o c a l 
realignments on several smaller scales. 
2 . 3 » 3 Summary and discussion of trends. 
The main trends observed i n the data of the survey area 
are as f o l l o w s : 
a) N - S or NNE - SSW; elongation of some major 
anomalies and the eastern margin of the region a l high, also 
a major bathymetric trend on the north-west f l a n k of the 
Iceland-Faeroes Rise ( f i g 1 .4 ) . 
b) NE - SW; bands of a l t e r n a t i n g p o s i t i v e and negative 
anomalies i n the north-eastern section of the survey area and 
of high and low p o s i t i v e anomalies on the western margin, 
also a minor bathymetric trend ( f i g 2 .5 ) • 
c) NW - SE; trend of the locus of apparent o f f s e t s 
i n the NE - SW anomaly system, also a minor bathymetric trend 
( f i g j U 5 ) j ie.frot* Hehar c£afa. 
d) E - W; a trend of uncertain s i g n i f i c a n c e which may 
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a f f e c t the magnetic r e g i o n a l f i e l d i n a N - S d i r e c t i o n ; also 
the trend of the bathymetric scarp f o r much of the northern 
side of the Faeroes s h e l f . 
The N - S anomalous trend t h a t characterises the magnetic 
anomalies over the crest of the Iceland-Faeroes Rise i s also 
present over the Faeroes Bank, both on the aeromagnetic map 
( f i g 1.3) and from the r e s u l t s of a shipborne survey (Dobinson, 
1970) . Dobinson described two large p o s i t i v e anomalies w i t h 
t h i s trend on the east and west sides of the bank, w i t h 
amplitudes of 1000 gamma and widths 10 - 20km, and some 
less e r anomalies of NE - SW trend. I n other areas, magnetic 
anomalies of t h i s trend have been observed i n the Norwegian 
\J Sea and west of the South Jan Mayen Ridge (Avery et a l . , 1968), 
~) and i n Iceland north of 65°N (Gudmundsson, 1966; Serson et a l . , 
1968) . The same s t r i k e d i r e c t i o n i s associated w i t h the eastern 
branch of the Neo-volcanic Zone i n northern Iceland and wit h 
y the earthquake epicentre b e l t on the northern Icelandic Shelf 
(Johnson and Heezen, 1967)* 
The NE - SW trend i s t h a t of the Raff-Mason type of 
magnetic anomalies associated w i t h spreading from the Reykjanes 
Ridge ( H e i r t z l e r et a l . , 1966), and of magnetic anomalies i n 
the southern h a l f of Iceland (Serson et a l . , 1968). 
A s t r i k e d i r e c t i o n NW - SE i s the regi o n a l s t r u c t u r a l 
t r e n d of the Greenland-Iceland-Faeroes l a t e r a l ridge system, 
and i s also the d i r e c t i o n of Faeroes f j o r d system which i s 
considered to p a r a l l e l the f i s s u r e s from which the lavas were 
erupted (Rasmussen and Noe-Nygaard, 1966). 
The trend of E - W or ESE - WNW has deep s t r u c t u r a l 
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associations; t h i s i s the trend d i r e c t i o n of the components of 
the Jan Mayen Fracture Zone (Johnson and Heezen, 1967), and the 
postulated f r a c t u r e s across c e n t r a l (Sigurdsson, 1970) and 
southern Iceland (Ward et a l . , 19^9)* The same trend has been 
noted i n association w i t h f r a c t u r e zones to the south of 
Iceland at 53°N (Johnson, 1967). 
Thus, the trends evident i n the present survey data 
i n d i c a t e the presence of s t r u c t u r a l controls from most sections 
of the northeast A t l a n t i c . This v a r i e t y of c o n t r o l i s i n 
keeping w i t h the status of the Iceland-Faeroes Rise as a 
zone of separation between two ocean basins w i t h d i f f e r e n t 
h i s t o r i e s of e v o l u t i o n . 
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CHAPTER THREE 
METHODS FOR THE INTERPRETATION OF MAGNETIC DATA. 
A l l i n t e r p r e t a t i o n methods used i n the present work are 
based on a two-dimensional approximation; the anomalous 
body i s assumed to extend t o i n f i n i t y i n both d i r e c t i o n s 
perpendicular to the plane of the anomaly p r o f i l e , w i t h the 
same cross-section t h a t i s produced when the body i s cut by 
t h i s plane. The programmed versions of the methods were 
w r i t t e n f o r use on the NUMAC IBM 36O/67. 
The i n t e n s i t y and d i r e c t i o n of magnetisation of an 
anomalous body are composite q u a n t i t i e s which are the vector 
sums of induced and remanent components. 
3.1 Methods developed by previous workers. 
I n t e r p r e t a t i o n methods f o r magnetic anomalies may be 
divided i n t o the categories of i n d i r e c t and d i r e c t . The 
i n d i r e c t method derives a s o l u t i o n by t r i a l and e r r o r ; a 
l i k e l y anomaly source i s used as a s t a r t i n g p o i n t , and 
successive 'manual' readjustments are made to the parameters 
d e f i n i n g the source body u n t i l agreement between calculated 
and observed anomaly curves i s deemed to be s a t i s f a c t o r y . Due 
to the inherent ambiguity i n the magnetic method, the model 
body produced by t h i s method i s j u s t one of a very large 
number of so l u t i o n s t h a t s a t i s f y both the anomaly and 
geological f e a s i b i l i t y . 
By use of a d i r e c t method, a s o l u t i o n f o r the anomalous 
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source i s obtained d i r e c t l y from the observed anomaly. I n 
the present work, t h i s category i s used to include i t e r a t i v e 
methods which automatically perform adjustments to the source 
body model. The s o l u t i o n obtained by use of a d i r e c t method 
of i n t e r p r e t a t i o n i s derived by p r i o r assumption of one or 
more of the magnetisation parameters and shape, or the l i m i t s 
w i t h i n which these q u a n t i t i e s w i l l s a t i s f y the observed anomaly. 
3 .1 .1 The i n d i r e c t method. 
The computer program used i n t h i s method i s MAGN (B o t t , 
1969b) which calculates the h o r i z o n t a l , v e r t i c a l and t o t a l 
f i e l d magnetic anomalies f o r two dimensional bodies of 
polygonal cross-section. I n the present work, MAGN was used 
f o r four purposes: 
a) The production of anomalies due to bodies of 
r e l a t i v e l y simple geometry f o r the purpose of t e s t i n g programs 
under development. 
b) In c o r p o r a t i o n , i n modified form, as a subroutine 
i n other programs. 
c) Simulation of broad geological s i t u a t i o n s f o r 
comparison of magnetic anomaly amplitude, gradient and phase 
r e l a t i o n s . 
d) Basic i n t e r p r e t a t i o n of magnetic anomalies where 
i n t e r f e r i n g e f f e c t s due to a number of source bodies reduce 
the effectiveness of automated methods. 
The equivalent r o u t i n e f o r g r a v i t y i n t e r p r e t a t i o n , the 
program GRAVN ( B o t t , 1969a)1 was used i n the f i r s t two of the 
s i t u a t i o n s l i s t e d above. 
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3»1«2 Non-linear o p t i m i s a t i o n , a d i r e c t method. 
The development of the a p p l i c a t i o n of non-linear 
o p t i m i s a t i o n techniques to the i n t e r p r e t a t i o n of magnetic 
anomalies i s due mainly t o M. Al-Chalabi (Al-Chalabi, 1970a). 
A complete explanation of the theory of optimisation routines, 
together w i t h examples of t h e i r a p p l i c a t i o n to geophysics, i s 
given by Al-Chalabi (1970b). The f u l l theory w i l l not be 
presented here as the programmed versions f o r magnetic 
i n t e r p r e t a t i o n were used i n the o r i g i n a l form developed by 
Al-Chalabi. 
B a s i c a l l y , non-linear optimisation applied to magnetic 
i n t e r p r e t a t i o n proceeds to solve f o r parameters describing an 
anomalous body by minimising the residual discrepancies between 
observed and calculated magnetic anomaly. The c r i t e r i o n used 
i n the magnetic programs of Al-Chalabi i s t h a t the sum of 
the squares of residuals should be minimised by successive 
adjustments to the d e f i n i n g parameters. Thus, f o r an anomaly 
p r o f i l e of n s t a t i o n p o i n t s , and where A i and Ci are the 
observed and calculated anomaly values at the i t h s t a t i o n 
p o i n t , the f u n c t i o n f which i s t o be minimised i s given by, 
The f u n c t i o n f i s known as the objective f u n c t i o n . I f 
m v a r i a b l e parameters are used to describe the anomalous body, 
the o b j e c t i v e f u n c t i o n may be represented geometrically, i n 
an m-dimensional space, by constructing a Euclidean hyperspace 
based on m mutually orthogonal axes. Within t h i s hyperspace 
n 
X = 1 ( A i - C i )
2 
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the o b j e c t i v e f u n c t i o n i s completely representable by means of 
contours of equal value, and i t s behaviour may be described 
q u a l i t a t i v e l y i n terms of topographic nomenclature such as 
peaks and v a l l e y s . 
I n magnetic i n t e r p r e t a t i o n , the variable parameters 
describing the body are the background f i e l d , the h o r i z o n t a l 
I and v e r t i c a l components of magnetisation i n the plane of the 
anomaly p r o f i l e , and the cartesian coordinates defining a 
two dimensional polygonal body. For the purposes of 
o p t i m i s a t i o n , these parameters may be divided i n t o adjustable 
and non-adjustable types. The non-adjustable parameters are 
those s p e c i f i e d at known values and are held constant throughout 
the o p t i m i s a t i o n process. Adjustable parameters are the 
unknowns which requ i r e s o l u t i o n , and form the m variable 
parameters whioh dimension the hyperspace of the objective 
f u n c t i o n . The programs of Al-Chalabi are capable of dealing 
w i t h a system c o n s i s t i n g e n t i r e l y of adjustable parameters. 
At program i n p u t , the adjustable parameters are s p e c i f i e d by 
a l i k e l y s t a r t i n g point value and upper and lower numerical 
bounds which define the range of adjustment by optimisation. 
Two of the programs were used i n the present work: one derives 
a geometric s o l u t i o n based on j u s t one p a i r of h o r i z o n t a l and 
v e r t i c a l magnetisation components (HAGOP); the second program 
(MULTIJ) has the a d d i t i o n a l scope of solving f o r a source body 
w i t h a d i s t i n c t p a i r of magnetisation components associated 
w i t h each side of the polygon. The d i s t r i b u t i o n of sides 
w i t h magnetisation components i n common may be s p e c i f i e d by 
the user of MULTIJ. 
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Al-Chalabi (1970b) has shown t h a t the ambiguity t h a t i s 
inherent i n a l l p r a c t i c a l i n t e r p r e t a t i o n s of p o t e n t i a l f i e l d 
data ( i n c l u d i n g magnetics) may be represented g r a p h i c a l l y by 
contoured cross-sections i n the hyperspace of the objective 
f u n c t i o n . The minimum of the objective f u n c t i o n i s located, 
on the contour p l o t , i n an elongate 'valley' w i t h i n which 
subsidiary minima are present. The subsidiary minima are 
associated w i t h a l t e r n a t i v e model solut i o n s which are 
acceptable w i t h i n the l i m i t s of r e s o l u t i o n of the i n t e r p r e t a t i o n . 
L i m i t s of r e s o l u t i o n are imposed by an incomplete knowledge of 
the length of the anomaly, the representation of a continuous 
anomaly by a sequence of d i g i t i s e d p o i n t s , containing 
observational e r r o r s i n measurement and values of f i n i t e 
numerical p r e c i s i o n , and by the representation of an anomalous 
source by a r e l a t i v e l y simple model. Each subsidiary minimum 
i n the hyperspace corresponds to an acceptable s o l u t i o n i n 
terms of the emphasis of some part of the more d e t a i l e d 
s t r u c t u r e on the s i m p l i f i e d model used to represent a geological 
s i t u a t i o n . 
3«1«3 The l i n e a r inverse method, a d i r e c t method. 
This method solves f o r a l a t e r a l d i s t r i b u t i o n of anomalous 
magnetisation or density, w i t h i n a layer of s p e c i f i e d shape, 
to s a t i s f y a given magnetic or g r a v i t y anomaly p r o f i l e . The 
s p e c i f i c a t i o n of shape and the c o n f i g u r a t i o n and number of 
components of the d i s t r i b u t i o n makes the s o l u t i o n unambiguous. 
The d i s t r i b u t i o n i s obtained as a sequence of discrete values 
by s o l u t i o n of a set of simultaneous equations containing the 
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Fig 3*1 Parameter d e f i n i t i o n . 
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v a r i a b l e parameters and a c o e f f i c i e n t set. The theory of the 
l i n e a r inverse method has been presented several times previously 
( B o t t , 1967; Tanner, 19&7; Emilia and Bodvarsson, 1969; Bott 
and Hutton, 1970b; Hutton, 1970), but the basic equations w i l l 
be repeated here as they form the basis f o r f u r t h e r development 
of the method. 
For two-dimensional i n t e r p r e t a t i o n , the theory followed i s 
th a t of Bott (1967)» The two dimensions are defined by 
ca r t e s i a n coordinates i n the xz-plane, where the x-axis i s 
h o r i z o n t a l and z-axis i s v e r t i c a l and p o s i t i v e downwards. A 
magnetic anomaly A(x,o), measured along the x-axis, i s considered 
to be caused by a two-dimensional d i s t r i b u t i o n of magnetisation 
i n the p o s i t i v e half-space z^ > 0, w i t h i t s s t r i k e d i r e c t i o n 
perpendicular to the x-axis, and w i t h a constant s p e c i f i e d 
d i r e c t i o n of magnetisation ( f i g 3*1 ) • The d i r e c t i o n of 
magnetisation i s given by m(coSyU , siiyw ) , and that of the 
measured component of the anomaly by s(cos a1 , sincr' ) , both of 
which are assumed to l i e i n the xz-plane. The d i s t r i b u t i o n of 
magnetisation may be represented by a closed body or a system 
of closed bodies whose surfaces are cut twice or not at a l l by 
any v e r t i c a l l i n e . Ji i s the x-coordinate of a point on or 
i n the system of bodies, of which the upper and lower surfaces 
are at depths z = i ^ ( 5 ) and z = n£( ) ) res p e c t i v e l y . The 
i n t e n s i t y of magnetisation J ( 5 ) i s assumed to be a function 
of ^ alone w i t h i n the bodies and zero without. 
The magnetic anomaly i s then given by the convolution 
i n t e g r a l , 
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A(X, O) a 
J 
-oo J ( > 5 K(n 1,n 2,B,(x-^ ) ) d f (1) 
where B syft + tf' } and K I s the kernel function of the magnetic 
r e l a t i o n . 
I f the d i r e c t i o n s of magnetisation and measured anomaly 
component do not l i e i n the xz-plane a transformation may be 
used to b r i n g them i n t o the plane. I n the form of Bott 
(1969c)) the transformation i s given by, 
yW = a r c t a n ( t a n Im/cos am) 
& s a r c t a n ( t a n Ie/cos ae) 
where Im and I e are the i n c l i n a t i o n s of magnetisation and the 
measured anomaly component re s p e c t i v e l y , and am and ae are 
t h e i r respective azimuths as measured from the x-axis. I f 
J i s the body magnetisation i n the d i r e c t i o n defined by Im 
and am, a f i c t i t i o u s i n t e n s i t y of magnetisation i n the 
d i r e c t i o n m may be defined by, 
J 1 = u (sin 2Im +cos 2Im c o s 2 a m ) i ( s i n 2 I e + c o s 2 I e cos 2ae) V i 
The magnetic anomaly i n the d i r e c t i o n defined by ( I e , ae) 
caused by magnetisation J(Im, am) i s then i d e n t i c a l to the 
magnetic anomaly component i n the d i r e c t i o n s caused by 
magnetisation j ' ' i n a d i r e c t i o n m. 
I n equation ( 1 ) , J( ^  ) stands outside the kernel f u n c t i o n 
and i s i n l i n e a r r e l a t i o n s h i p t o the magnetic anomaly provided 
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t h a t J( £, ) i s a f u n c t i o n of !• only, 
The anomaly A(x,o) may be replaced by a sequence of n 
d i g i t i s e d s t a t i o n points of value A i ( i = 1 ,2 ,......, n), and 
the source d i s t r i b u t i o n can be approximated by a layer of m 
f i n i t e two-dimensional block elements, w i t h i n each of which 
the i n t e n s i t y of magnetisation i s assumed to be a constant 
J j ( j = 1 j 2,... tra). Thus the i n t e g r a l of equation (1) may 
be approximated by the f o l l o w i n g summation (Bott, 1967; 
Tanner, 1967), 
m 
A i = Z K i j J j ( i = 1 n) (2) 
3-1 
where K i j i s a kernel c o e f f i c i e n t and i s the c o n t r i b u t i o n 
to the i t h anomaly value by the j t h block element f o r u n i t 
of s p e c i f i e d i n t e n s i t y of magnetisation. The r e l a t i o n s h i p 
i s one between anomalous q u a n t i t i e s and assumes the p r i o r 
removal of a background f i e l d . Equation (2) represents a 
system of n l i n e a r equations which may be solved f o r the m 
values of J provided that n^ra. Direct s o l u t i o n i s possible 
i f n = m, and a s o l u t i o n i s obtainable by least-squares, f o r 
the overdetermined case where n>m. 
I n matrix n o t a t i o n , equation (2) may be w r i t t e n as 
A = KJ (3) 
where K i s the n x m kernel matrix and A and J are column 
vectors of leng t h n and m res p e c t i v e l y . The s o l u t i o n f o r 
J i n the overdetermined case i s 
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J = (K TK)" 1K TA (4) 
( B o t t , 1967; Tanner, 1967) 
where denotes the transpose of K. 
A p p l i c a t i o n of programmed versions of t h i s method to the 
i n t e r p r e t a t i o n of magnetic anomalies has been quite extensive 
( B o t t , 1967; E m i l i a and Bodvarrson, 1969; Bott and Hutton, 
1970b; Hutton, 1970), and i t s l i m i t a t i o n s w i t h respect to 
r e s o l u t i o n and data q u a l i t y have been discussed (Bott and 
Hutton, 1970a; Hutton, 1970). I n i t s most v e r s a t i l e form, 
the method has been programmed to deal w i t h a magnetic layer 
composed of elements of polygonal cross-section (Hutton, 1970). 
The programs of Hutton, and the developments of the l i n e a r 
inverse method, described below, perform the least squares 
operation by a c a l l t o subroutine LLSQ (IBM, 1968). 
The l i n e a r inverse technique i s a d i r e c t method of 
i n t e r p r e t a t i o n as i t produces a s o l u t i o n , i n terras of a l a t e r a l 
d i s t r i b u t i o n of i n t e n s i t i e s of magnetisation, d i r e c t l y from' 
the observed anomaly. This s o l u t i o n i s unique f o r a given 
anomaly and a s p e c i f i e d block element co n f i g u r a t i o n w i t h i n 
the magnetic l a y e r . 
For i n t e r p r e t a t i o n of data from the survey of 1969» which 
lacked r e f l e c t i o n seismic and de t a i l e d bathymetric c o n t r o l , 
and data from the survey of 19&7i f° r which seismic r e f l e c t i o n , 
c o n t r o l was l a c k i n g , a simple magnetic layer of rectangular 
block elements was used w i t h constant depths to p a r a l l e l 
upper and lower surfaces. Deviations of t h i s simple equivalent 
l a y e r from the r e a l geological s i t u a t i o n are to be expected 
'observed'anomaly 
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as a d d i t i o n a l spurious magnetisations i n the s o l u t i o n s . The 
a f f e c t on the s o l u t i o n of an inadequately representative, or 
inaccurately positioned equivalent layer i s shown i n f i g 3 . 2 . 
The response of the method to placing e i t h e r or both of the 
upper and lower surfaces of the layer at too great a depth, 
w i t h respect to the c o n f i g u r a t i o n of the true source, i s to 
cause i n s t a b i l i t y by emphasis of short v/avelengths i n the 
s o l u t i o n . The opposite case, of surfaces not being deep 
enough, causes a response to suppress the short wavelengths 
as a smoothing of the s o l u t i o n . 
3*2 The development of methods f o r the j o i n t analysis of 
g r a v i t y and magnetic anomalies by the l i n e a r inverse 
technique. 
I n t h i s s ection, the theory and development i s presented 
of an extension to the l i n e a r inverse method to perform 
transformations from g r a v i t y to magnetic anomalies (and vice 
versa), to solve f o r the r a t i o of anomalous properties 
(magnetisation/density), and to determine the angle of 
magnetisation of a source body. The anomaly transformations 
are also used i n the study of magnetic anomalies to separate 
those due to body geometry from those due to v a r i a t i o n s i n 
magnetisation alone. 
Equation (1) shows tha t the magnetic anomaly i s produced 
by convolution of the magnetisation and a kernel function, 
which i t s e l f i s a f u n c t i o n of source shape and l o c a t i o n . 
S i m i l a r l y , the g r a v i t y anomaly i s produced by convolution of 
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density and a term which i s a f u n c t i o n of shape and l o c a t i o n . 
Thus, i f a body causes a g r a v i t y and a magnetic anomaly, a 
j o i n t analysis of both anomaly types may be performed to 
eliminate the unknown shape term (Garland, 1951)> and to derive 
the r e l a t i o n between anomalous p r o p e r t i e s , density and magnetisation. 
I n a n a l y t i c a l terms, the g r a v i t y and magnetic anomalies may be 
compared without consideration of the source body shape i f the 
g r a v i t y anomaly i s d i f f e r e n t i a t e d w i t h respect to the space 
coordinates (Lundbak, 1956) . 
3 » 2 . 1 The Poisson formula and i t s a p p l i c a t i o n . 
A formula due to Poisson r e l a t e s the g r a v i t a t i o n a l and 
magnetic p o t e n t i a l s of a source body: 
V = ( TJ F)J.vu (5) 
where V i s the magnetic p o t e n t i a l , U i s the g r a v i t a t i o n a l 
p o t e n t i a l , J and p are the body magnetisation vector and 
density, G i s the g r a v i t a t i o n a l constant and V the Laplacian 
d i f f e r e n t i a l operator. A simple formula obtained from equation 
(5 ) r e l a t e s the v e r t i c a l magnetic anomaly component Z to the 
g r a v i t y anomaly g. D i f f e r e n t i a t i n g both sides of equation (5) 
w i t h respect t o z: 
Z = (T3p-)£ .1(g) 
v. d U 
where g = ^~ 
For a two-dimensional coordinate system as defined f o r equation 
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( 1 ) , where JA i s the angle of magnetisation and J = | J 
Gp dx / dz J (6) 
Equation (6) v/as used by Garland (1951) to determine the 
r a t i o J/p i n an area from which both g r a v i t y and magnetic 
data had been obtained. This r a t i o was then used as a parameter 
diagnostic of the concealed rock type. Using a three-dimensional 
form of equation ( 6 ) , Lundbak (1956) calculated values of 
J/p and angles of magnetisation. A more general form of the 
equation which r e l a t e s the magnetic anomaly component A, 
measured i n the d i r e c t i o n s_, to the derivatives of the g r a v i t y 
anomaly, f o r a two-dimensional system i s , 
A = <jj~><^[ s i n B - §§cos B) (?) 
(B o t t , 1969c) 
where B =yw+^ , and has been defined above (equation ( 1 ) ) . 
The theory of pseudo-gravity anomalies was developed by 
Baranov (1957) from equation ( 5 ) . The pseudo-gravity anomaly 
was calculated from the t o t a l f i e l d anomaly using a conventional 
density of p=J/G. I t i s the r e a l g r a v i t y anomaly f o r a 
p a r t i c u l a r body i f t h i s conventional r e l a t i o n between density 
and magnetisation e x i s t s i n the r e a l s i t u a t i o n , but whatever 
vuu ' the liimo r e l a t i o n between J and p, the pseudo-gravity anomaly 
behaves as a r e a l g r a v i t y anomaly i n that the anomaly peaks are 
lo c a t e d more e a s i l y , and may be in t e r p r e t e d by the simpler 
methods of g r a v i t y i n t e r p r e t a t i o n . 
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The o r i g i n a l method of Baranov was developed f o r a three-
dimensional anomaly system f o r which the source body 
magnetisation was assumed to be i n the d i r e c t i o n of the earth's 
f i e l d . An extension of the method f o r two-dimensional bodies 
by Bott et a l . , (1966) does not require t h i s assumption. Bott 
et a l . , (1966) present also a method f o r estimating the 
d i r e c t i o n of magnetisation, based on the use of the pseudo-
g r a v i t y anomaly, w i t h assumptions that d i r e c t i o n of magnetisation 
i s the Same at every point i n the body and that i n t e n s i t y of 
magnetisation has the same sign throughout the body. From the 
second assumption i t f o l l o w s that the computed pseudo-gravity 
anomaly at every point above the body must have the same sign. 
Estimates of ranges of possible d i r e c t i o n s of magnetisation 
were made by Bott et a l . t o s a t i s f y t h i s c o n d ition. 
Recent a p p l i c a t i o n s of the Poisson formula and i t s 
d e r i v a t i v e forms of equation (6) have been made from two main 
approaches. Wilson (1970) used a least-squares technique 
to derive the parameters (J x / p ) , (Jz/p) and a from the system 
of n l i n e a r equations 
Z\ = a + (Jx/p) ( d g / d x ) i + (Jz/p) (dg/dzj-j. 
( i = 1 n) 
Where Jx and Jz are the h o r i z o n t a l and v e r t i c a l components 
of magnetisation J. Kanasewich and Agarwal (1970) performed 
c a l c u l a t i o n s f o r J/p i n the wavenuraber domain, by use of a 
t h e o r e t i c a l v e r t i c a l magnetic anomaly calculated from equation 
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(6) and a transformation of the observed t o t a l f i e l d magnetic 
anomaly to the magnetic pole (Baranov, 1957) . I n d i v i d u a l 
values of J/p associated w i t h selected wavenumbers or bands 
of wavenumbers, were computed d i r e c t l y from the corresponding 
sections of the amplitude spectra of the transformed and 
t h e o r e t i c a l v e r t i c a l magnetic anomalies. A c c e p t a b i l i t y of 
the r a t i o values was based on the value of a coherence 
c o e f f i c i e n t , c a l culated as a f u n c t i o n of the auto- and cross-
power spectra of the v e r t i c a l anomalies f o r the selected 
wavenumber bands. The method was used by Kanasewich and 
Argarwal w i t h the assumption that high coherence d i d ind i c a t e 
a common source from the transformed magnetic anomaly and the 
t h e o r e t i c a l magnetic anomaly calculated from g r a v i t y data. 
3 . 2 . 2 Development of the l i n e a r inverse method to perform 
Poisson type analyses. 
An advantage of using an analysis of the Poisson type i s 
t h a t i n f o r m a t i o n on the source of a g r a v i t y and magnetic 
anomaly, such as the r a t i o J/p, may be obtained without 
assumptions concerning the shape of the source body. A l l the 
necessary information i s contained i n the waveforms of the 
two anomalies. Therefore, any d i s t r i b u t i o n of density and 
magnetisation that s a t i s f i e s the two observed anomalies must 
also permit the determination of the true r a t i o of anomalous 
pr o p e r t i e s . The inherent ambiguity of p o t e n t i a l f i e l d 
i n t e r p r e t a t i o n implies t h a t the e f f e c t of an anomalous body 
may be represented by a d i s t r i b u t i o n of density of magnetisation 
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w i t h i n an equivalent l a y e r (Skeels, 19^7; Peters, 19^9; Bott, 
1967; Tanner, 1967; Dampney, 1969 ) . This equivalent source 
may be a l a y e r of f i n i t e thickness or i t may be a h o r i z o n t a l 
plane on which the d i s t r i b u t i o n of the anomalous property i s 
i n the form of a v a r i a b l e coating of density or magnetisation 
per u n i t area. Moreover, f o r a given anomaly and a s p e c i f i e d 
equivalent l a y e r , and, i n the case of magnetic i n t e r p r e t a t i o n , 
a s p e c i f i e d d i r e c t i o n of magnetisation, the d i s t r i b u t i o n of 
the anomalous property i s unique (Roy, 1962). The uniqueness 
f o r a s p e c i f i e d layer i s ess e n t i a l t o the numerical approximation 
of the l i n e a r inverse method, as used by Bott (1967) to derive 
d i s t r i b u t i o n ! of magnetisation t h a t s a t i s f y observed marine 
magnetic anomalies. When used i n t h i s way, the equivalent 
layer i s also assumed to approximate the true source body 
shape and p o s i t i o n so t h a t the i n t e n s i t i e s of magnetisation 
i n the s o l u t i o n are of the correct order of magnitude. I n the 
extension of the l i n e a r inverse method to perform Poisson type 
analyses, the equivalent layer of f i n i t e block elements has 
only to s a t i s f y the g r a v i t y and magnetic anomalies i n terms 
of an adequate d i s t r i b u t i o n of density and magnetisation which 
i s unique f o r the s p e c i f i e d l a y e r . Adequacy of the d i s t r i b u t i o n , 
f o r a given h o r i z o n t a l extent of the true body, depends on 
the r e l a t i v e thickness of the equivalent layer to that of the 
true body. Complete representation of an anomalous body, of 
f i n i t e thickness, by a coating of density or magnetisation on 
an equivalent plane requires t h a t the plane be of i n f i n i t e 
extent. I n the p r a c t i c a l case, of a t h i n equivalent layer of' 
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block elements, the requirement i s that the blocks are extended 
beyond the h o r i z o n t a l l i m i t s of the true body to a distance 
t h a t depends on t h e i r thickness r e l a t i v e t o that of the body. 
3 . 2 . 2 . 1 The transformation of anomalies. 
A simple extension of the l i n e a r inverse method enables a 
transformation t o be made, i n e i t h e r d i r e c t i o n , between g r a v i t y 
and magnetic anomalies. For a transformation from the magnetic 
t o the g r a v i t y anomaly, an equivalent layer i s used t o represent 
a body i n which the r a t i o J/p i s assumed to remain constant, 
and f o r which a d i r e c t i o n of magnetisation i s s p e c i f i e d . The 
d i s t r i b u t i o n of i n t e n s i t i e s of magnetisation w i t h i n the 
equivalent layer i s given by equation (k) f o r the overdetermined 
case, 
The method now calculates the g r a v i t y anomaly which would be 
caused by the same body f o r a density p, where p = f j , and f i s 
a constant. For each block element of the equivalent, layer, 
the r e l a t i o n i s 
J = ( K T K ) 1 „T K A 
pa = f J d (a = 1 m) 
or f o r the whole l a y e r 
2 = » (8) 
Equation (8 ) holds i f the equivalent layer i s an adequate 
- 56 -
representation of the abserved anomaly source. 
I f C denotes the kernel matrix f o r the g r a v i t y anomaly g, 
then 
£ = Cp. (9) 
By s u b s t i t u t i n g the r i g h t hand side of (k) i n (8) and then 
( 8 ) i n ( 9 ) , the transformation from the t o t a l f i e l d magnetic 
anomaly to the g r a v i t y anomaly becomes 
£ = Cf( K T K ) ~ 1 KTA (10) 
S i m i l a r l y , the transformation from g r a v i t y to the magnetic 
anomaly i s given by 
A = Kh(CTC ) ~ 1 C T £ (11) 
where h i s a constant and, i f equation (11) i s used on the 
g r a v i t y anomaly caused by the same body as that represented 
i n equation ( 8 ) , i t i s the r e c i p r o c a l of f . 
I n equation ( 8 ) , the constant f can take any value i n the 
range -oo <T f ^  +oo ; i t implies one or more coincident 
sources f o r g r a v i t y and magnetic anomalies w i t h a constant 
r a t i o p/J. 
The method i s u s e f u l f o r computing one anomaly, g r a v i t y 
or magnetic, from the other by use of a conventional value 
f = h = 1, and comparing the anomaly produced by transformation 
w i t h the observed anomaly of the same type. The hypothesis 
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of coincident sources f o r the two observed anomalies may be 
accepted or r e j e c t e d on the basis of t h i s comparison. The 
ac t u a l comparison may be made a f t e r s c a l i n g the anomaly 
produced by transformation, the pseudo-anomaly, by m u l t i p l y i n g 
anomaly/pseudo-anomaly. ! 
3 * 2 . 2 . 2 The d i r e c t c a l c u l a t i o n of the r a t i o p/J or J/p. 
A more general s i t u a t i o n than that represented by equation 
(8 ) i s tha t of an anomaly source consisting of a l a t e r a l 
d i s t r i b u t i o n of m elements w i t h i n each of which density and 
i n t e n s i t y of magnetisation are assumed uniform but which may 
d i f f e r f o r successive elements. Thus, f o r each element there 
i s an i n d i v i d u a l constant of p r o p o r t i o n a l i t y f j such t h a t the 
density and i n t e n s i t y of magnetisation f o r each element are 
r e l a t e d by 
I f the d i r e c t i o n of magnetisation i s the same f o r a l l the 
elements, and i s s p e c i f i e d , the i n d i v i d u a l values of f j ( p j / J j ) 
may be ca l c u l a t e d . 
The s o l u t i o n f o r the i n d i v i d u a l values f j i s obtained as 
fo l l o w s , s t a r t i n g from the s o l u t i o n of a d i s t r i b u t i o n of 
i n t e n s i t y of magnetisation. 
the whole p r o f i l e by the r a t i o of maximum f amplitudes/observed 
pj = w (j = 1 m) (12) 
J = (K K) KA A (4) 
A new kernel matrix Of i s how formed from the g r a v i t y 
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k e r n e l C and the i n d i v i d u a l components of J i n the f o l l o w i n g 
way, 
C f ( i , j ) = C ( i , j ) J j 
Thus C£(i,jO i s the c o n t r i b u t i o n to the g r a v i t y anomaly 
at the i t h s t a t i o n point due t o the j t h block element f o r a 
conventional r a t i o value of p j / J j = 1, and w i t h the assumption 
t h a t density and magnetisation w i t h i n each block are constant 
values. A matrix equation may now be w r i t t e n to represent the 
case when p / j = 1, 
fi = <? f 
where £ i s a column vector of l e n g t h n, f i s a column vector 
m 
of l e n g t h m and C!j> i s an nxm ma t r i x . The s o l u t i o n f o r f i n 
the overdetermined case i s given by 
f = (0* c f ) " 1 C* g (13) 
Thus the i n d i v i d u a l values of p/J are determined d i r e c t l y from 
the g r a v i t y anomaly. For completeness, there i s a s i m i l a r 
equation f o r the d e r i v a t i o n of the re c i p r o c a l r a t i o values, 
£ = ( K h V " 1 Kh ^  ( l / f ) 
where the i t h , and j t h element of matrix K, i s the c o n t r i b u t i o n 
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to the magnetic anomaly at the i t h s t a t i o n p oint by the j t h 
block f o r a conventional r a t i o value of J j / p j = 1 . 
This i s j u s t one way of d e r i v i n g the i n d i v i d u a l r a t i o 
values associated w i t h each block element. Another method 
would solve f o r the d i s t r i b u t i o n s of density and magnetisation 
independently, and d i r e c t l y from the observed anomalies, and 
then d i v i d e one of the d i s t r i b u t i o n s by the other, block by 
block, so that the numerator and denominator are of the same 
subsc r i p t ( j = 1 m). There i s l i t t l e to choose between 
the two methods as both require the two types of observed 
anomaly, and both r e q u i r e two c a l l s t o the least-squares 
r o u t i n e . For programmed versions, the method represented by 
equation (13) and (1*0 has a s l i g h t advantage i n that only 
one array of lengt h m i s required i n storage, as the same 
array can be used t o store magnetisation or density and the 
r a t i o values successively. 
I n t e r p r e t a t i o n using t h i s technique i s aided by a knowledge 
of the d i s t r i b u t i o n of one of the anomalous properties, density 
or magnetisation, and the programmed version includes an 
intermediate p r i n t - o u t of the f i r s t stage s o l u t i o n f o r one 
of these d i s t r i b u t i o n s , as represented by equation ( 4 ) . 
3 . 2 . 2 . 3 Calculation of the angle of magnetisation. 
I f i t i s assumed tha t the observed g r a v i t y and magnetic 
anomalies are caused by a common source, homogeneous w i t h 
respect t o J/p, or a number of common sources w i t h i d e n t i c a l 
values of the r a t i o J/p, and t h a t the d i r e c t i o n of magnetisation 
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i s everywhere constant, the angle of magnetisation can he 
determined. 
The method makes use of an expression f o r the magnetic 
e f f e c t due to a two-dimensional v e r t i c a l dyke w i t h a sloping 
upper surface and of i n f i n i t e extent downwards. This expression, 
which i s due to Bott (personal communication), i s used i n the 
c a l c u l a t i o n of the kernel matrix elements. This expression 
f o r a dyke w i t h a h o r i z o n t a l upper surface i s of the form 
where F i s the t o t a l f i e l d magnetic anomaly, B i s the composite 
angle defined f o r equation ( 1 ) , and r ^ , r ^ are defined as shown 
i n f i g 3*1• To c a l c u l a t e the e f f e c t of a block element of 
f i n i t e thickness, the separate e f f e c t due to a v e r t i c a l dyke 
of i n f i n i t e extent downwards, w i t h i t s upper surface at the 
depth of the lower surface of the block, i s subtracted from 
that due to a s i m i l a r dyke, w i t h upper surface at the depth 
of the f i n i t e block upper surface. Thus the element of the 
kernel matrix K corresponding to the i t h s t a t i o n point and 
the j t h block i s given by 
F a r ( r - | , r p ) s i n B - q(0) cos B (15) 
K ( i , j ) = R ( i , j ) s i n B - Q ( i , j ) cos B (16) 
and the elements of the matrices R and Q are the difference 
i n magnetic e f f e c t between the two dyke bodies described above. 
To solve f o r the angle B the procedure s t a r t s from the 
observed g r a v i t y anomaly, and i s as follows: 
£ = C£ 
f o r which the s o l u t i o n i n the overdetermined case i s , 
£ = (C T C)" 1 C T £ ( 1 ? ) 
The i n d i v i d u a l elements of matrices R and Q are how 
m u l t i p l i e d by the s o l u t i o n s of equation (17) and the new 
values are summed over a l l values of j to produce an (n x 2) 
matrix Kg. The complete process to derive the elements of 
Kg i s given by, 
m 
KB <M) = Z R( i .d)p (d> (18) 
0=1 
m 
K B ( i , 2 ) = Ts Q ( i , j ) p ( j ) (19) 
0=1 
( i = 1 n) 
Thus, the magnetic anomaly at the i t h s t a t i o n point i s 
given by, 
A ( i ) = K B ( i , 1 ) h s i n B * K B ( i , 2 ) h cos B (20) 
7 — • 
i 
where h i s a constant value of the true r a t i o J/p. The matrix 
equation i s 
A = Kgb (21) 
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where A i s a column vector of l e n g t h n, and b i s a column 
vector of length 2 . The s o l u t i o n f o r the overdetermined 
case i s given by 
T -1 T 
b = (KgKg) K B A (22) 
and the angle B i s calculated from the two elements of b as, 
B = arctan (b ( 1)/b ( 2 ) ) = arctan (h s i n B/h cos B) (23) 
which also eliminates h. The angle d of the measured anomaly 
component i s known i n the r e l a t i o n B = ^ + <3J , and hence the 
angle of magnetisation i s obtained. 
The value of h, the r a t i o J/p, i s obtained from 
h = ( b ( 1 ) 2 + b ( 2 ) 2 ) ^ = ( h 2 s i n 2 B + h 2 c o s 2 B ) ^ (2*0 
A f u r t h e r extension to t h i s method would enable an 
i n d i v i d u a l value f o r angle B t o be calculated f o r each block 
element of the equivalent l a y e r . I n t h i s case the kernel 
m a t r i x corresponding to Kg i n equation (21) would be of dimension 
(n x 2ra) and the vector b would be of length 2m, w i t h a condition 
f o r s o l u t i o n of n >2m t h a t imposes severe p r a c t i c a l l i m i t a t i o n s 
on the method. A dense cover of precisely determined anomaly 
values i s required unless the equivalent layer i s divided i n t o 
r e l a t i v e l y few block elements of large width, t h i s would usually 
render the d i s t r i b u t i o n of density and magnetisation inadequate to 
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represent the anomalies, or unless the block elements are 
grouped i n t o u n i t s each w i t h a common magnetisation d i r e c t i o n . 
For the case of an i n d i v i d u a l magnetisation angle associated 
w i t h each of a moderate number of block elements, the 
r e s o l u t i o n of the least-squares method i s severely tested, as 
a d d i t i o n a l d i g i t a l sampling of the anomaly, to s a t i s f y the 
c o n d i t i o n f o r s o l u t i o n , i s effect e d without an improvement i n 
e r r o r c o n t r o l . I n a d d i t i o n , the condition of the kernel matrix 
increases as the number of columns (Anderssen, 1969)) and 
consequently the accuracy t o which the elements of the s o l u t i o n 
vector can be determined, decreases. 
This a d d i t i o n a l extension was programmed, but meaningful 
d i s t r i b u t i o n s of magnetisation angle were obtained only when 
i d e a l l i s e d t e s t anomalies were used, and when the equivalent 
l a y e r approximated the shape of the 'true' body very c l o s e l y . 
Thus, the a p p l i c a t i o n of the l i n e a r inverse method to calculate 
an i n d i v i d u a l magnetisation angle f o r each block element i s 
not j u s t i f i e d i n p r a c t i c a l s i t u a t i o n s . 
3 . 2 . 3 The programmed versions of the methods and t h e i r 
a p p l i c a t i o n to t e s t models. 
The developments of the l i n e a r inverse method were 
programmed i n the language of PL1 f o r use on the NUMAC IBM 360/67 
computer. Programs w i t h input s p e c i f i c a t i o n s are described i n 
the appendix. For the i n t e r p r e t a t i o n of data associated w i t h 
t h i s t h e s i s , the j o i n t gravity/magnetics analysis programs were 
used mainly on the long p r o f i l e s from the survey of RRV John 
Murray i n 1967, and the s o l u t i o n s were i n t e r p r e t e d i n a 
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s e m i - q u a l i t a t i v e manner. For t h i s type of use, s i m p l i f i e d 
g r a v i t y and magnetic k e r n e l functions are adequate to define 
an equivalent l a y e r composed of two-dimensional rectangular, 
block elements of constant width and thickness. The use of 
a simple equivalent l a y e r makes a v a i l a b l e a d d i t i o n a l computer 
core space which enables long anomaly p r o f i l e s to be processed 
as a s i n g l e u n i t . C a l c u l a t i o n of the k e r n e l matrix elements 
involv e s s e v e r a l stages that are common to both g r a v i t y and 
magnetics, but core space was saved at the expense of time, 
and the k e r n e l s were computed s e q u e n t i a l l y . For c a l c u l a t i o n 
of the g r a v i t y k e r n e l a ver s i o n of GRAVN ( s e c t i o n 3.1.1) was 
used i n the modified form of G.J. Laving (1971); c a l c u l a t i o n 
of the magnetics k e r n e l was based on equation (1?)» but one 
program, GJ/RAT, inc l u d e s a k e r n e l c a l c u l a t i o n based on a 
modified v e r s i o n of MAGN ( s e c t i o n 3.1 . 1 ) . 
3.2.3.1 B a s i c transform programs, TR/GM and TR/MG. 
The two transformation programs are TR/GM ( g r a v i t y to 
magnetics) and TR/MG (magnetics to g r a v i t y ) , and l i s t i n g s of 
these are contained i n appendices B and C. The programs 
perform the following operations: 
a) Complete input: observed anomaly; i n c l i n a t i o n 
and azimuth angles of the earth's f i e l d and body magnetisation 
v e c t o r s ; equivalent l a y e r configuration. 
b) Transformation of magnetic angles in t o the plane 
of the anomaly p r o f i l e . 
c) C a l c u l a t i o n of the k e r n e l elements appropriate to 
the anomaly type of the observed anomaly. 
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d) C a l c u l a t i o n of the d i s t r i b u t i o n of anomalous 
property", density or magnetisation, within the equivalent 
l a y e r to s a t i s f y the observed anomaly. 
e) C a l c u l a t i o n of the k e r n e l elements appropriate to 
an anomaly of the other type. 
f ) C a l c u l a t i o n of an anomaly of the other type for 
a conventional value of J/p = 1 . 
T e s t s on the transform programs used the g r a v i t y and 
magnetic anomalies caused by the simple body shown i n f i g 3«3i-. 
Tables 5.1 and J.2 contain the r e s u l t s of the transformations 
f o r an equivalent l a y e r at the same depth and thickness as the 
true body; t a b l e s 3*3 and J>.k contain the r e s u l t s of 
transformations using a t h i n equivalent l a y e r (0.1km) at the 
depth of the true body. The c a l c u l a t e d anomalies have been 
s c a l e d by m u l t i p l y i n g by the true r a t i o J/p or p/J. Residual 
anomalies (observed magnetic minus pseudo-magnetic) for the 
transformation g r a v i t y to magnetics are a l s o plotted i n f i g 3.3. 
A d i f f e r e n c e i n s t y l e of r e s i d u a l s between the two 
d i r e c t i o n s of transformation i s to be a n t i c i p a t e d from a 
c o n s i d e r a t i o n of the process represented by the two-kernel 
operation i n the programs. I t i s evident from equation (7) 
A = (J/Gp) (Sft s i n B - |£ cos B) (7) dx dz 
that the transformation g r a v i t y to magnetics i s a 
d i f f e r e n t i a l operation, and as with d e r i v a t i v e f i l t e r s , short 
wavelength 'error' components are amplified ( t a b l e 3»^» f i g 3*3)• 
The source of e r r o r s responsible for the o s c i l l a t i o n s i s 
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probably l i m i t e d d e f i n i t i o n of the g r a v i t y anomaly and l i m i t e d 
numerical p r e c i s i o n of the values at low amplitudes away from 
the main peak. Other contributory f a c t o r s are the approximation 
to a continuous density d i s t r i b u t i o n by a sequence of d i s c r e t e 
values for the blocks, and the presence of a small step to the 
end point anomaly va l u e s , due to the f i n i t e length of the p r o f i l e . 
The transformation magnetics to gravity i s an i n t e g r a t i o n 
operation, and the s m a l l almost constant r e s i d u a l (table 3*3) 
i s due to the f i n i t e length of the i n t e g r a t i o n process; i n 
terms of the present method, i t i s due to the f i n i t e length 
of the anomaly p r o f i l e and r e s t r i c t i o n of the h o r i z o n t a l 
extent of the equivalent l a y e r to the same length. 
The method can be used to discriminate between source 
bodies which d i f f e r i n the value of the r a t i o J/p. F i g J.k 
shows the r e s u l t s of transform operations on the g r a v i t y and 
magnetic anomalies caused by two d i s c r e t e bodies. The two 
transformations are unsealed, but both components are resolved 
for the c o r r e c t values of J/p to be determined from the r a t i o s 
of the peak values observed/calculated. This method of 
determining J/p from the peak values of the observed anomaly i s 
analogous to that of Kanasewich and Agarwal (1970)» except 
that these authors compared amplitudes from s e l e c t e d s e c t i o n s 
of the s p e c t r a of the observed and c a l c u l a t e d anomalies. 
Fig-
A: Observed anomaly curves caused by shaded body. 
B: Magnetisation and d e n s i t y d i s t r i b u t i o n s w i t h i n 
a t h i n e q u i v a l e n t l a y e r . 
C: R e s i d u a l s , observed minus s c a l e d pseudo - magnetic 
anomaly, for the g r a v i t y to magnetics transformation 
u s i n g a t h i n equivalent l a y e r . 























































Distance Observed (Mgal) Calcu l a t e d * 
8.5 0.30 0.30 
9.0 0.31 0.31 
9.5 0.33 0.33 
10.0 0.35 0.35 
10.5 0.37 0.37 
11.0 0.39 0.39 
11.5 0 . 42 0 . 4 2 
12.0 0.45 0.44 
12.5 0 .48 0 .48 
13-0 0.51 0.51 
13.5 0.55 0.55 
14 . 0 0.59 0.59 
14 .5 O.63 0 . 64 
15.0 O.69 O.69 
15.5 0.75 0.74 
16.0 0.81 0.81 
16.5 0.89 O.89 
17.0 O.98 O.98 
17.5 1.08 1.08 
18.0 1.19 1.19 
18.5 1.33 1.33 
19.0 1.49 1.49 
19.5 1.68 1.68 
20.0 1.92 1.92 
20.5 2.20 2.20 
21.0 2.55 2.55 
21.5 2.99 2.99 
22.0 3.55 3.54 
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TABLE 5.1 continued 






























Calculated * 40.0 Residuals 
4.26 0.00 
5.20 0.00 
6.44 + 0.01 
8.10 0.00 








18.44 + 0.01 
17.12 0.00 
15.18 0.00 
12.75 + 0.01 
10.22 + 0.01 
8.10 0.00 
6.44 + 0.01 
5.20 0.00 
4.26 0.00 









TABLE 3.2 continued 








40 .00 -126.3 
40.50 -116.4 
41.00 -107.6 
41 .50 - 99.8 
42 .00 - 92.8 
42 .50 - 86.5 
43.00 - 80.8 
43.50 - 75.6 
44.00 - 70.9 
44.50 - 66.7 
45.00 - 62.8 
45.50 - 59.2 
46 .00 - 55.9 
46 .50 - 52.9 











- 99.0 -0.8 
-•; 92*2 -0.6 
- 86.1 -0.4 
- 80.5 -0.3 
- 76.6 +1.0 
- 74.2 +3.3 
- 69.3 +2.6 
- 62.7 -0.1 
- 61.7 +2.5 
- 65.0 +9.1 
- 57.4 +4.5 
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TABLE 3.1 continued 









4 1 . 0 0.59 
41.5 0.55 
4 2 . 0 0.51 
42.5 0 .48 
43.0 0.45 





4 6 . 0 0.31 
4 6 . 5 0.30 






0.7^ + 0.01 
0.69 0.00 




0 . 48 0.00 
0 . 44 + 0.01 
0 . 42 0.00 
0.39 0.00 
0.37 0.00 





TABLE 3.2 TRANSFORMATION GRAVITY TO MAGNETICS, FULL DEPTH LAYER. 
Distance Observed (^amma) Calculated / 4 0 . 0 Residuals 
8.50 - 4 1 . 2 - 4 1 . 2 -1.0 
9.00 -43.2 -43.7 +0.5 
9.50 -45.4 - 4 6 . 3 +0.9 
10.00 -47.7 - 4 8 . 5 +0.8 
10.50 -50.3 -50.8 +0.5 
11.00 -53.0 -53.2 +0.2 
11.50 -55.9 -55.5 -0.4 
12.00 -59.1 -57.9 -1.2 
12.50 -62.5 -61.1 -1.4 
13.00 -66.3 -65.6 -0.7 
13.50 -70.4 -71.0 +0.6 
14 .00 -74.8 -76.5 +1.7 
14.50 -79.6 -80.6 + 1.0 
15.00 - 8 4 . 9 -83.9 -1.0 
15.50 -90.6 -89.4 -1.2 
16.00 -96.9 -97.5 +0.6 
16.50 -103.7 - 1 0 4 . 3 +0.6 
17.00 -111.1 -109.3 -1 . 8 
17.50 -119.2 -117.3 -1.9 
18.00 -127.9 -129.3 +1.4 
18.50 -137.1 - 1 4 0 . 0 +2.9 
19.00 - 1 4 6 . 8 -147.4 +0.6 
19.50 -156.6 -155.9 -0.7 
20.00 -165.9 -166.4 +0.5 
20.50 -173.8 -174.5 +0.7 
21.00 -178.4 -177.1 -1.3 
21.50 -176.2 -174.7 -1.5 
22.00 -161.2 -162.1 +0.9 
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TABLE 3.2 continued 
Distance Observed (gamma) 
22.50 -122.5 
23.00 - 40.1 
23.50 121.4 

























C a l c u l a t e d / 4 0 . 0 R e s i d u a l s 
- 1 2 4 . 6 +2.1 















- 8 4 6 . 5 -3.9 
-992.2 -0.7 
-952.9 +2.3 










M/)qN£TIC5' TO C A V I T Y 
TABLE 3.3 TRANSFORMATI ON GRAVITY TO MAGNETICS, THIN LAYER. 
Distance Observed (Mgal) Calculated x 4 0 . 0 Residuals 
8.3 0.30 0.20 0.10 
9.0 0.31 0.22 0.09 
9.5 0.33 0.24 0.09 
10.0 0.35 0.26 0.09 
10.5 0.37 0.29 0.08 
11.0 0.39 0.31 0.08 
11.5 0 . 4 2 0.34 0.08 
12.0 0.45 O.36 0.09 
12.5 0 . 48 0 .40 0.08 
13.0 0.51 0.43 0.08 
13.5 0.55 0.47 0.08 
14 .0 0.59 0.51 0.08 
14 .5 O.63 O.56 0.07 
15.0 O.69 0.61 0.08 
15.5 0.75 0.67 0.08 
16.0 0.81 0.74 0.07 
16.5 O.89 0.82 0.07 
17.0 O.98 0.90 0.08 
17.5 1.08 1.00 0.08 
18.0 1.19 1.12 0.07 
18.5 1.33 1.26 0.07 
19.0 1.49 1 .42 0.0? 
19 .5 1.68 1.62 0.06 
20.0 1.92 1.85 0.07 
20.5 2.20 2.13 0.07 
21.0 2.55 2 .48 0.07 
21.5 2.99 2.92 0.07 
22.0 3.55 3 .48 0.07 
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TABLE 3.3 continued 
Distance Observed (Mf?al) Calculated x 40 .0 Residuals 
22.5 4.26 4.20 0.06 
23.0 5.20 5.13 0.07 
23.5 6.45 6.38 0.07 
24 .0 8.10 8.04 0.06 
24.5 10.23 10.16 0.07 
25.0 12.73 12.67 0.06 
25.5 15.18 15.12 0.06 
26.0 17.12 17.05 0.07 
26.5 18.45 18.38 0.07 
27 .0 19.20 19.14 0.06 
27 .5 19.44 19.38 0.06 
28.0 19.20 19.14 0.06 
28.5 18.45 18.38 0.07 
29.0 17.12 17.05 0.07 
29.5 15.18 15.12 0.06 
30.0 12.74 12.67 0.07 
30.5 10.23 10.16 0.07 
31.0 8.10 8.04 0.06 
31.5 6.45 6.38 0.07 
32.0 5.20 5.14 0.06 
32.5 4.26 4.20 0.06 
33.0 3.55 3 .48 0.07 
33.5 2.99 2.92 0.07 
34.0 2.55 2.49 0.06 
34.5 2.20 2.14 0.06 
35.0 1.92 1.86 0.06 
35.5 1.68 1.62 0.06 
36.O 1.49 1.43 0.06 
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TABLE 3,3 continued 













































TABLE 3.4 TRANSFORMATION GRAVITY TO MAGNETICS, THIN LAYER. 
Distance Observed (gamma) Cal c u l a t e d / 4 0 . 0 Residuals 
8 .5 - 4 1 . 2 - 23.0 -18.2 
9.0 - 43.2 - 35 1 - 8.1 
9.5 - 45.4 - 44.5 - 0.9 
10.0 - 47.7 - 45.9 - 1.8 
10.5 - 50.3 - 47.1 - 3.2 
11.0 - 53.0 - 50.9 - 2.1 
11.5 - 55-9 - 54.4 - 1.5 
12.0 - 59.1 - 56.4 - 2.7 
12.5 - 62.5 - 59.5 - 3-0 
13.0 - 66.3 - 64 . 4 - 1.9 
13.5 - 70.4 - 70.O - 0.4 
14 .0 - 74.8 - 75-5 + 0.7 
14 .5 - 79.6 - 79.9 + 0.3 
15.0 - 84 . 9 - 83.O - 1.9 
15-5 - 90.6 - 88.5 - 2.1 
16.0 - 96.9 - 96.5 - 0 .4 
16.5 -103.7 -103.7 0.0 
17.0 -111.1 -108.7 - 2.4 
17.5 -119.2 -116.7 - 2.5 
18.0 -127.9 -128.3 + 0.4 
18.5 -137.1 -139.3 + 2.2 
19.0 - 1 4 6 . 8 -147.0 + 0 . 2 
19-5 -156.6 -155.9 - 0.7 
20.0 -165.9 -165.2 - 0.7 
20.5 -173.8 -173.9 + 0.1 
21.6 -178.4 -177.1 - 1.3 
21.5 -176.2 -175.3 - 0.9 
22.0 -161.2 -159.4 - 1.8 
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TABLE 3.4 continued 
Distance Observed (gamma) 
22.5 -122.5 
23.0 - 4 0 . 1 
23.5 121.4 
24 . 0 420 .8 











30.0 - 370.3 
30.5 - 850.4 
31.0 - 992.9 
31.5 - 950.6 
32.0 - 847 . 2 
32.5 - 735.2 
33.0 - 632.9 
33.5 - 544.9 
34.0 - 470.9 
34.5 - 409.3 
35.0 - 358.0 
35.5 - 315.1 
36.0 - 279.0 
C a l c u l a t e d / 4 0 . 0 Residuals 
-124.3 + 1 .8 
- 4 1 . 8 + 1 .7 
121 .1 + 0 . 3 
4 3 4 . 3 - 1 3 . 5 
911.9 + 1 1 . 2 
1564.2 - 5 - 9 
1 9 9 5 . 5 + 2 . 2 
2100.2 + 5 - 2 
2037.9 - 8.7 
1884.4 + 1 .7 
1733,8 + 2 . 8 
1520.5 - 2 .1 
1 2 6 4 . 9 - 5 . 0 
870.3 +11.1 
327.4 - 1 1 . 7 
- 3 7 5 . 8 + 5 - 5 
- 8 4 6 . 1 - 4 . 3 
- 9 8 5 . 2 - 7 . 7 
- 9 5 7 . 4 + 6 . 8 
- 8 4 9 . 5 + 2 . 3 
- 7 3 3 . 5 - 1 .7 
- 631.1 - 1.8 
- 5 4 4 . 5 - 0 . 4 
- 470.9 0 . 0 
- 4 0 9 . 1 - 0 . 2 
- 3 5 7 . 6 - 0 . 4 
- 3 1 5 . 1 0 . 0 
- 280.3 + 1 . 3 
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TABLE 3 A continued 
Distance Observed (gamma) Calculated / 4 0 . 0 Residuals 
36 .5 -248 .5 -249.0 + 0 .5 
37 .0 -222 .6 -220.2 - 2 .4 
37-5 -200 .4 -197.1 - 3 .3 
38 .0 - 1 8 1 . 2 -180.5 - 0 .7 
38 .5 -164 .6 -164.9 + 0 .3 
39 .0 - 1 5 0 . 2 -148.7 - 1.5 
39 .5 - 1 3 7 . 5 -135.4 - 2.1 
40.0 - 1 2 6 . 3 -126.2 * 0.1 
40.5 -116 .4 -117.2 + 0 .8 
41.0 -107 .6 -107.1 - 0 .5 
41.5 - 99 .8 - 99.6 - 2 .2 
42.0 - 92 .8 - 89.7 - 3.1 
42.5 - 86 .5 - 83.7 - 2 .8 
43 .0 - 80 .8 - 79.5 - 1.3 
43 .5 - 75 .6 - 7^.6 - 1.0 
44 .0 - 70 .9 - 68.6 - 2 .3 
44 .5 - 66 .7 - 64.4 - 2 .3 
45 .0 - 62 .8 - 62.0 - 0 .8 
45 .5 - 59 .2 - 55-5 - 3-7 
46.0 - 55 .9 t 44.6 - 1 1 . 3 
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Fig 3.4 Transformation of anomalies caused by two bodies, 
a and b, of different J/p ratio value. 
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3 * 2 . 3 » 2 D i r e c t c a l c u l a t i o n of J/p and p/J by use of programs 
JG/RAT and GJ/RAT. 
These programs c a l c u l a t e the i n d i v i d u a l r a t i o s of 
anomalous properties J/p (JG/RAT) and p/J (GJ/RAT) for each 
block element of the equivalent l a y e r . The c a l c u l a t i o n 
r e q u i r e s both types of observed anomaly at input, and uses the 
f i r s t to derive a d i s t r i b u t i o n of magnetisation or density 
which i s then used i n s o l u t i o n against the second type of 
observed anomaly f o r the i n d i v i d u a l r a t i o values, with the 
i n i t i a l assumption that each of these i s equal to unity. A 
l i s t i n g of JG/RAT i s included i n appendix D. 
When used with an equivalent layer that approximates the 
true source body i n shape and s i z e , the programs can be used 
to obtain i n d i v i d u a l block r a t i o values of the correct order 
or magnitude. Use of the programs i n t h i s manner i s c l o s e l y 
analogous to d e r i v i n g d i s t r i b u t i o n s of magnetisation or 
density alone, and considerations apply which are s i m i l a r to 
those discussed i n connection with f i g 3 « 2 . 
A l t e r n a t i v e l y , a t h i n equivalent l a y e r can be used to 
obtain a s i n g l e estimate of the r a t i o value d i r e c t l y from 
anomalies which are considered to be caused by a s i n g l e homogeneous 
source, or a number of homogeneous sources for which the r a t i o 
J/p i s the same. F i g s 3«5» 3»6 and 3«7 show the r e s u l t s of 
t e s t s applied to anomalies due to the simple body of f i g 3*3» 
a body of inward dipping lower s u r f a c e and an asymmetrical 
body with outward dipping upper s u r f a c e . The r e s u l t s of these 
t e s t s demonstrate that, although i t i s necessary to extend the 













Fig 3*5 Distribution of p/J ratio values i n a thin equivalent 
l a y e r j for the anomalies caused by a two-dimensional 
body of rectangular cross section. 
A: Observed anomaly curves caused by shaded body. 
Dashed curve, magnetics. 
B: J/p and d e n s i t y p l o t s f o r a t h i n equivalent l a y e r 
with upper s u r f a c e a t O.Jikm, and lower s u r f a c e as 
i n d i c a t e d a t the bottom of the f i g u r e . The higher 
s c a l e c a l i b r a t i o n f o r density r e f e r s to the thinner 
of the two l a y e r s used. The values f o r the thinner 
l a y e r are f o r the two cases of a f u l l h o r i z o n t a l 
extent and a l a y e r r e s t r i c t e d to the width of the 
true body. The t h i c k e r l a y e r i s r e s t r i c t e d 
h o r i z o n t a l l y . 
C: P l o t of magnetisation and r a t i o J/p i n a r e s t r i c t e d 
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Fig 3*7 Derivation of the distribution of p/J values within 
a thin equivalent layer. Test anomalies caused by 
anomalous body as shown. 
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the true source body for an accurate estimate of the r a t i o 
value, a good approximation to the value may be obtained with 
the l a y e r r e s t r i c t e d h o r i z o n t a l l y to the l i m i t s of the body, 
or to the region of the main anomaly peaks. I n f i g 3*6 there 
i s a discrepancy of about h% of the true value of J/p between 
that and the best value on the p l o t for a r e s t r i c t e d t h i n 
l a y e r ; f o r p/J the discrepancy i s about 6%. For the v a r i a b l e 
upper s u r f a c e body of f i g 3»7» the estimate i s not as good, 
with a p/J discrepancy of 20% for a r e s t r i c t e d l a y e r . 
Bott and Hutton (1970a) discussed the r e s o l u t i o n of the 
l i n e a r i n v e r s e method to derive d i s t r i b u t i o n s of magnetisation 
and d e n s i t y with r e s p e c t to the block width/depth to upper 
sur f a c e r a t i o . These authors concluded that i n s t a b i l i t y due 
to a m p l i f i c a t i o n of short wavelength errors s e t i n when t h i s 
r a t i o was l e s s than 0 . 6 . This value i s one for good q u a l i t y 
data and gen e r a l l y , the l i m i t i n g value i s somewhat higher; a 
r a t i o of 1.0 u s u a l l y ensures s t a b i l i t y . I n c a l c u l a t i o n s for 
J/p ky the l i n e a r i n v e r s e method, the two c a l l s to the l e a s t -
squares procedure produce a greater a m p l i f i c a t i o n of e r r o r s 
i n l i m i t i n g conditions and a width/depth r a t i o of 1.0 should be 
the minimum value f o r s t a b i l i t y when a f u l l thickness equivalent 
l a y e r i s used. For a t h i n l a y e r applied to the model and 
anomalies of f i g 3 .7 a minimum r a t i o value of 1.5 - 2 .0 was 
found to be the necessary l i m i t . 
3 . 2 . 3 . 3 C a l c u l a t i o n of the angle of magnetisation, program SBETA. 
SBETA computes a s i n g l e angle of magnetisation for the 
whole p r o f i l e represented by an equivalent l a y e r . A l i s t i n g of 
the program i s contained i n appendix E. 
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Table 3«5 l i s t s the s o l u t i o n s obtained by SBETA for 
d i f f e r e n t configurations of the equivalent l a y e r applied to the 
anomalies caused by the body of f i g 3 . 7 . The depths, thicknesses 
and h o r i z o n t a l extent of the equivalent l a y e r s may be compared 
with the extent of the true model between h o r i z o n t a l l i m i t s of 
35km and 55km, and v e r t i c a l l i m i t s of 0.5km and 5.5km; the 
computed angles of magnetisation may be compared with the true 
angle of 7 5 ° . 
TABLE 3 . 5 SOLUTION OF ANGLES OF MAGNETISATION BY PROGRAM SBETA 
Equi v a l e n t l a y e r configuration Magnetisation angle. 
upper s u r f a c e , lower s u r f a c e , blodk width, l a y e r extension, i n c l i n a t i o n . 
depth (km) depth (km) (km) (km) (degrees) 
0 .50 0.51 1.0 30 - 60 75.3 
0 .50 0.51 1.0 35 - 55 75.5 
0 .50 5.50 5 .0 35 - 55 76.0 
0 .45 0.^6 1.0 35 - 55 76.1 
0 .50 0.51 5-0 35 - 55 77.2 
D e f i n i t i o n of the s o l u t i o n s to the f i r s t decimal place i s made 
i n t a b l e 3»5» only to i n d i c a t e the trend of accuracy for d i f f e r e n t 
l a y e r c o n f i g u r a t i o n s . I n the treatment of r e a l data, a s o l u t i o n 
quoted to such p r e c i s i o n would not be j u s t i f i e d ; from the 
spread of values i n table 3»5» a minimum error of 2 ° would be 
expected i n the treatment of w e l l defined and r e l a t i v e l y i s o l a t e d 
anomalies. 
The use of SBETA i n the treatment of anomalies caused by 
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bodies with a negative r a t i o j / p ( f i g 3 . 6 ) produces solutions 
of approximately ( ^ A - 1 8 0 ° ) , where jA i s the true angle of 
magnetisation. 
The s o l u t i o n s i n t a b l e 3«5 i n d i c a t e considerable s t a b i l i t y 
f o r the process, and i f the assumptions made at the beginning 
of s e c t i o n 3*2 .2 .3 are a good approximation to the geological 
s i t u a t i o n , l i t t l e e l s e need be known about the true source body. 
The v a r i a t i o n i n s o l u t i o n s obtained by SBETA may be compared 
with the corresponding v a r i a t i o n i n solutions obtained by the 
method of Bott et a l . ( 1 9 6 6 ) . The method i s based on 
determining the range of angles of magnetisation for which the 
pseudo-gravity anomaly i s p o s i t i v e for a p o s i t i v e magnetisation 
of the source body. A range of possible values was c a l c u l a t e d 
by Bott et a l . f o r su c c e s s i v e pseudo-gravity s t a t i o n s and 
the f i n a l range of values to d e l i m i t the angle of magnetisation 
was that which was common to the i n d i v i d u a l ranges. The 
p r e c i s i o n to which the angle can be estimated depends on the 
number of i n d i v i d u a l ranges used and the accuracy to which the 
i n t e g r a l s defining each i n d i v i d u a l range could be evaluated. 




_QQ T ( x 1 , 0 ) log r dx 1 
f+00 
- 0 0 T ( x 1 , 0 ) 8 dx 1 
-1 
where T(x , 0 ) i s the t o t a l f i e l d magnetic anomaly on the plane 
of measurement (the x- a x i s i n Bott et a l . , 1966) , and r and 9 
are the polar coordinates of ( x ^ , 0 ) from the pseudo-gravity 
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s t a t i o n ( x , z ) . Thus, for complete d e f i n i t i o n of the permissible 
ranges of magnetisation angles, a complete knowledge of the 
magnetic anomaly on the x - a x i s i s required. The p r a c t i c a l 
d e f i n i t i o n of the ranges by a numerical i n t e g r a t i o n over a 
f i n i t e length of p r o f i l e i n the method of Bott et a l . , i s 
s t r i c t l y analogous to the l a t e r a l extent of the t h i n equivalent 
l a y e r i n the present method by the l i n e a r inverse technique. 
The l a t t e r method achieves greater p r e c i s i o n as the so l u t i o n i s 
co n t r o l l e d by the whole waveform of the gr a v i t y anomaly and not 
by i t s s i g n only. The f i n a l s o l u t i o n i s slowly changing for 
d i f f e r e n t equivalent l a y e r extensions, as was the mean value of 
the common range i n the method of Bott et a l . for d i f f e r e n t 
lengths for the numerical i n t e g r a t i o n . 
The response of the l i n e a r inverse method to d i f f e r e n t 
equivalent l a y e r configurations i s seen i n f i g . 3«8 which 
contains p l o t s of the two columns of matrix Kg (equations (18) 
and ( 1 9 ) ) for the 1 s t , 3rd and 5th t e s t treatments of table 3 ' 5 ' 
The widely d i f f e r i n g waveforms i n f i g 3*8 produce values for 
the angle of magnetisation which d i f f e r by a maximum of 2 ° 
and have i n common only a phase correspondence for long 
wavelength components. The plo t s of f i g 3*8 emphasise the 
importance of long wavelength components i n the d e f i n i t i o n of 
a magnetic anomaly and the d i f f i c u l t y encountered i n so l v i n g 
for a magnetisation angle for each block element i f the 
equivalent l a y e r i s not a close approximation to the shape of 
the true body. 













3.0 P lo t of the columns of matrix K„ for three of the B t e s t operations of table 3 .5 . 
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3 » 2 » ^ A p p l i c a t i o n of the transformation programs to separate 
magnetic anomalies. 
This s e c t i o n i s concerned with methods for separating the 
component of a magnetic anomaly that i s caused by the shape 
and topographic r e l i e f of a source body from the component 
that i s caused by a change i n i n t e n s i t y of magnetisation alone. 
The methods depend on the use of the g r a v i t y anomaly as 
r e p r e s e n t a t i v e of the component due to shape, thus the 
s e p a r a t i o n i s e f f e c t e d between magnetisation changes which are 
associatednwith a change i n d e n s i t y and those which are not. 
I n o u t l i n e , the procedure i s as follows: 
a) Transformation of observed g r a v i t y anomaly to a 
pseudo-magnetic anomaly, using a s p e c i f i e d d i r e c t i o n of 
magnetisation. 
b) Point for point c a l c u l a t i o n of the r a t i o observed/ 
pseudo-magnetic anomaly. 
c) D e r i v a t i o n of the v a r i a t i o n i n the r a t i o s of 
s t e p b) that corresponds to topographic changes only; t h i s 
v a r i a t i o n w i l l be c a l l e d the r e g i o n a l v a r i a t i o n . 
. d) S c a l i n g of the pseudo-magnetic anomaly by product 
with the r e g i o n a l v a r i a t i o n value at each point. 
e) Subtraction of the s c a l e d pseudo-magnetic anomaly 
from the observed magnetic anomaly. 
One method of performing step c) i s to f i t a curve to the 
i n d i v i d u a l r a t i o values by l e a s t - s q u a r e s . Where topography 
of magnetically a c t i v e bodies i s r e l a t i v e l y simple a l i n e with 
the equation (y = a + bx) i s a good approximation. For an 
i d e a l i s e d l e a s t - s q u a r e s f i t to the observed/pseudo-anomaly 
r a t i o s due to a source body of uniform J/p, the gradient ' b' i s 
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zero and the i n t e r c e p t 'a 1 provides an accurate estimate of 
the r a t i o J/p. A t e s t on the anomalies caused by the simple 
body of f i g 3»3»» using a t h i n equivalent l a y e r , produced a 
smal l but s i g n i f i c a n t value f o r the gradient b due to the 
i n c l u s i o n of the p r o f i l e end point observed/pseudo-raagnetic 
anomaly r a t i o v alues i n the leas t - s q u a r e s process. These 
end point r a t i o values are o s c i l l a t o r y due to truncation of the 
anomaly p r o f i l e w i t h i n a f i n i t e length and to the use of a th i n 
equivalent l a y e r which i s responsive to high wavenuraber 
components over the whole p r o f i l e . The gradient was e f f e c t i v e l y 
reduced to zero by excluding the end points from the l e a s t -
squares process or by using a t h i c k equivalent l a y e r . 
The standard model used for t e s t i n g anomaly separation 
a p p l i c a t i o n s of the j o i n t a n a l y s i s methods i s shown i n f i g 3«9i 
and contains a c e n t r a l s e c t i o n with an i n t e n s i t y of magnetisation 
double that for the r e s t of the body, but with the same 
magnetisation d i r e c t i o n . To t e s t the e f f e c t i v e n e s s of the 
sep a r a t i o n of magnetic anomaly components based on a l i n e a r 
r e p r e s e n t a t i o n of the re g i o n a l s c a l i n g r a t i o , an a d d i t i o n a l 
s e t of statements was added to program TR/GM to compute the 
i n d i v i d u a l observed/pseudo-anomaly r a t i o v a l u e s , to make an 
a d d i t i o n a l c a l l to subroutine LLSQ and to perform the s c a l i n g 
and s u b t r a c t i o n . This i s the form of TR/GM i n appendix B, 
where the a d d i t i o n a l statements are optional. 
R e s u l t s of the separation process, using a t h i n equivalent 
l a y e r , are shown i n f i g 3*9; the true r a t i o , J/p = 0.O1, for 
the main part of the body i s i n d i c a t e d by the l i n e t t , and the 
le a s t - s q u a r e s s c a l i n g equation by l i n e ee. The symmetry of l i n e 
ee about t t w i t h i n the length of the p r o f i l e , and the i n t e r s e c t i o n 
gig* 3.? 
Continuous curve, observed magnetic anomaly; 
dotted curve, magnetic anomaly due to a d d i t i o n a l 
i n t e n s i t y of magnetisation of the shaded body 
s e c t i o n , r e l a t i v e to the i n t e n s i t y of magnetisation 
of the main body. 
Re s i d u a l anomaly separated from s c a l e d pseudo -
magnetic anomaly; to be compared v/ith dotted 
curve above. 
P l o t of r a t i o s observed/pseudo - magnetic anomaly. 
L e a s t - squares f i t t e d s c a l i n g l i n e ee and true 
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of the two l i n e s over that part of the body which i s of higher 
i n t e n s i t y of magnetisation, i l l u s t r a t e s that within p r a c t i c a l 
l i m i t a t i o n s , induced by use of a f i n i t e p r o f i l e length, the 
gradient of l i n e ee i s due e n t i r e l y to the ad d i t i o n a l magnetic 
anomaly component which i s not represented i n the observed 
g r a v i t y anomaly. At the p r o f i l e ends, where the e f f e c t of 
dif f e r e n c e i n l o c a t i o n between the sources of the two anomaly 
components i s much reduced, the di f f e r e n c e i n the ordinates 
of l i n e s t t and ee approaches the value of the di f f e r e n c e i n 
the two values of J/p for the body. 
Resolution of the anomaly due to a higher i n t e n s i t y of 
magnetisation i n the centre of the body, termed the r e s i d u a l 
anomaly, i s accurate to w i t h i n 3 gamma f o r the main peak 
( f i g 3*9)• This accuracy i s obtainable as the i n t e r s e c t i o n 
of l i n e s t t and ee i s l o c a t e d over the part of the body that 
i s of higher i n t e n s i t y of magnetisation; thus i n t h i s s e c t i o n 
of the p r o f i l e the pseudo-magnetic anomaly i s sca l e d by the 
co r r e c t r e g i o n a l value J/p = 0.01. The spurious lobes on the 
r e s i d u a l anomaly p r o f i l e ( f i g 3«9) at 21knb and 30km are due to 
divergence of l i n e ee from l i n e t t i n a s e c t i o n where anomaly 
amplitudes are s t i l l r e l a t i v e l y high, but these are i n s t a n t l y 
recognised by the presence of sharp d i s c o n t i n u i t i e s . 
Any method to separate magnetic anomaly components, of 
d i f f e r e n t r e l a t i o n to the ass o c i a t e d g r a v i t y anomaly, i s an 
approximation i f i t i s based on the transformation technique. 
S c a l i n g of the pseudo-magnetic anomaly i s based on the 
observed anomaly which contains both components, and success 
of the method r e q u i r e s that the se c t i o n of the body that i s of 
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d i f f e r e n t i n t e n s i t y of magnetisation should form only a small 
part of the whole. 
The same l i m i t a t i o n s apply to the a l t e r n a t i v e method of 
s c a l i n g by normalisation. Normalisation has been used i n 
magnetic i n t e r p r e t a t i o n to compare observed magnetic anomalies 
with standard anomalies due to known body shapes with known 
d i r e c t i o n s of magnetisation (Gay, 1963). I t i s performed by 
d i v i d i n g each anomaly value by the mean absolute value for the 
p r o f i l e . For the present purpose, a f t e r c a l c u l a t i o n of the 
mean observed and mean pseudo-magnetic anomaly, the method 
proceeds as: 
a) Product of the pseudo-magnetic anomaly by the 
r a t i o (mean observed)/(mean pseudo-anomaly). 
b) Subt r a c t i o n of the s c a l e d pseudo-magnetic anomaly 
from the observed anomaly to produce the r e s i d u a l anomaly. 
This method was adopted i n program NUFIL. The^program i s 
b a s i c a l l y a v e r s i o n of TR/GM that c a l c u l a t e s the mean values 
f o r normalisation, and performs the product and s u b t r a c t i o n . 
I n addition, f u l l y normalised anomaly values are c a l c u l a t e d 
which are i n the form s u i t a b l e f o r c o r r e l a t i o n a n a l y s i s , and, 
as a f i n a l stage, a d i s t r i b u t i o n of magnetisation appropriate 
to the r e s i d u a l anomaly i s c a l c u l a t e d . Another feature of 
NUFIL i s a subroutine to preform cosine tapering of the 
p r o f i l e ends, based c l o s e l y on a subroutine included i n the 
f a s t f o u r i e r a n a l y s i s program COOL, which was wri t t e n at the 
A u s t r a l i a n National U n i v e r s i t y . V/here tapering was considered 
to be necessary i n data inputs f or other programs, a temporary 
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routine was i n s e r t e d to achieve t h i s . A l i s t i n g of program 
NUFIL i s contained i n appendix F. 
The r e s i d u a l anomaly a s s o c i a t e d with the body of f i g 3«9 
was not..;so w e l l r e s o l v e d by NUFIL due to the use of a constant 
s c a l i n g r a t i o which was s l i g h t l y higher than the main body 
r a t i o of J/p. However, the main advantage of normalisation i s 
that a constant s i g n a l to noise r a t i o i s maintained on the plot 
of the r e s i d u a l anomaly, whereas noise i s pr o g r e s s i v e l y 
a m p l i f i e d by the divergence of l i n e s ee and t t ( f i g 3*9) i n 
the l e a s t - s q u a r e s method. 
For an input s p e c i f i c a t i o n of an estimated f u l l thickness 
equivalent l a y e r , the apparent v a r i a t i o n w i t h i n d i s t r i b u t i o n s 
of J/p which i s caused by unrepresented body to topography i s 
gen e r a l l y quite gentle, whereas changes i n i n t e n s i t y of 
magnetisation alone cause sharp v a r i a t i o n s i n the J/p p l o t . 
This provides another, but l e s s p r e c i s e and more su b j e c t i v e 
method of separating the two anomaly components. A polynomial 
i s f i t t e d to those J/p r a t i o values which are considered to 
form part of the gentle v a r i a t i o n s , and deviations from t h i s 
polynomial i n the j / p p l o t are assumed to represent changes 
i n magnetisation only. The method produced accurate r e s u l t s 
for the t e s t anomalies of f i g 3«9» and i s i l l u s t r a t e d by an 
example from the S c o t t i s h S h e l f i n chapter f i v e . 
3*2.5 The importance of the reg i o n a l f i e l d . 
Of c r i t i c a l importance i n the use of thg>se j o i n t a n a l y s i s 
gravity/magnetics methods i s the p r i o r removal of a representative 
background f i e l d from both s e t s of data. This i s of p a r t i c u l a r 
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relevance to the g r a v i t y f i e l d which, i n most cases, must be 
c l e a r e d of a l l but upper c r u s t a l e f f e c t s i f i t i s to be used 
i n connection with magnetic data. For data 'from marine 
surveys, i f i s o s t a t i c equilibrium can be assumed, the f r e e - a i r 
g r a v i t y anomalies are often the most s u i t a b l e ; the IGRF i s 
often s u i t a b l e as a background f i e l d for magnetic anomalies. 
The u n c e r t a i n t y of what c o n s t i t u t e s a representative background 
f i e l d , f or each of the two types of anomaly which are 
considered to be caused by the same s t r u c t u r e , i s one main 
l i m i t a t i o n of the methods as i n t e r p r e t a t i o n techniques. 
3*3 The two-dimensional approximation i n q u a n t i t a t i v e 
i n t e r p r e t a t i o n . 
A synopsis and reassessment of the magnitude of e r r o r s 
introduced i n t o i n t e r p r e t a t i o n s by assuming a two-dimensional 
s t r u c t u r e has r e c e n t l y been presented by Lehmann (1971)* 
Lehmann's examples, of simple source bodies causing complex 
anomalies, are taken from extreme s i t u a t i o n s where i n c l i n a t i o n 
of the earth's f i e l d i s low (about 20°). Over the I c e l a n d -
Faeroes R i s e , where the f i e l d i n c l i n a t i o n i s approximately 75° i 
these e f f e c t s should be reduced. However, er r o r s i n depth 
c a l c u l a t i o n s w i l l s t i l l e x i s t , e s p e c i a l l y i n the i n t e r p r e t a t i o n 
of anomalies Aa, based on p r o f i l e s taken from E - W l i n e s i n 
the d e t a i l e d survey area ( f i g 2.3)• The error i n t h i s case 
may be as high as Lehmann's estimated 20% for p r i s m a t i c and 
tabular bodies. Elsewhere, the r a t i o of strike-length/width 
of anomaly i s s i g n i f i c a n t l y higher, and the e r r o r s due to the 
assumption of 
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assumption of a two-dimensional s t r u c t u r e should be much 
below 20%. 
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CHAPTER FOUR 
INTERPRETATION OF DATA. FROM THE ICELAND-FAEROES RISE 
I n t e r p r e t a t i o n i n t h i s chapter i s divided into two se c t i o n s ; 
the f i r s t s e c t i o n deals with magnetic data from the d e t a i l e d 
survey of m.v. Arran F i r t h i n 1969* and the second s e c t i o n with 
g r a v i t y and magnetic data obtained i n 196? from RRS John Murray. 
As the data used i n the f i r s t s e c t i o n i s based on short survey 
l i n e s , the i n t e r p r e t a t i o n of l o c a l features i s emphasized, i n 
terms of body shapes and i n t e n s i t i e s of magnetisation. I n the 
second s e c t i o n , data from the longer survey l i n e s i s used i n a 
d i s c u s s i o n of the r e g i o n a l upper c r u s t a l s t r u c t u r e of the 
Iceland-Faeroes R i s e . 
^ • I I n t e r p r e t a t i o n of magnetic data from the survey of m.v. 
Arran F i r t h , 1969. 
I t i s evident from the contour maps ( f i g s . 2.3 and 2.k) that 
the west of the survey area d i f f e r s i n magnetic anomaly s t y l e 
from the r e s t of the area. The western re g i o n a l high c o n t r a s t s 
with the v a r i a b l e p o s i t i v e and negative anomalies to the e a s t , 
and dominates the f i e l d to such an extent that the average IGRF 
r e s i d u a l anomaly f o r the whole survey area i s + 130 gamma. Thus, 
the survey area has a net p o s i t i v e anomaly which demonstrates a 
dominance of p o s i t i v e magnetisation by volume r e l a t i v e to the 
IGRF. 
The l e a s t - s q u a r e s r e g i o n a l f i e l d s , c a l c u l a t e d d i r e c t l y from 
the data f o r each l i n e , r e f l e c t the broad magnetic s t r u c t u r e of 
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the a r e a d i r e c t l y . F i g . 4.1 shows a p l o t of E - W re g i o n a l 
f i e l d gradients f o r the twelve l i n e s i n d i v i d u a l l y , together 
with the E - W gradient of the p l a n e - f i t t e d r e g i o n a l . A l l 
gradi e n t s are p o s i t i v e , which r e f l e c t s the development of the 
'regi o n a l high 1 i n the west; the general northward i n c r e a s e 
i n gradient values i s due to the presence of anomalies B, E, F 
and to i n c r e a s i n g l y l a r g e areas of negative anomalies i n the 
c e n t r a l and eas t e r n s e c t i o n s of the area ( f i g . 2 . 4 ) . 
S e v e r a l problems were i n v e s t i g a t e d i n the survey area: 
a) The nature of the s t r u c t u r e causing the broad N - S 
magnetic high i n the west of the area, and i t s r e l a t i o n to 
magnetic sources i n the e a s t . 
b) The nature of s t r u c t u r e s causing high amplitude 
anomalies A, a, B, b, and t h e i r r e l a t i o n to the r e g i o n a l high. 
c) The nature of the st r u c t u r e causing anomaly H ( f i g . 2 . 3 ) . 
d) . The i n t e n s i t y of magnetisation required to produce the 
p o s i t i v e and negative anomalies i n the c e n t r a l and eastern s e c t i o n s 
of the a r e a . 
4.1.1 The r e g i o n a l magnetic high i n the west of the survey 
a r e a . 
The IGEF r e s i d u a l map ( f i g . 2.4) i n d i c a t e s that the r e g i o n a l 
magnetic high i s a s s o c i a t e d with a long wavelength change from 
400 - 500 gamma i n the west to approximately zero i n the e a s t . 
The distance over which t h i s change takes place i s approximately 
30km, and thus, the re g i o n a l high i n the west of the area may 
be considered as a p o s i t i v e anomaly of wavelength 60km. An 
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t h i s change may now be made. 
The estimate i s made by considering a s i n g l e f o u r i e r 
component of two-dimensional magnetic anomalies, and by use of 
the formula which r e l a t e s the g r a v i t y and magnetic anomalies of 
a two-dimensional body for a c e r t a i n r a t i o J/p, 
J 1 (££ s i n B - & cos B) A = — -_ dx dz Gp 
(Bott, 1969c). 
where A i s the magnetic anomaly, g i s the g r a v i t y anomaly, 
G the g r a v i t a t i o n a l constant, p i s density and J i s the 
i n t e n s i t y of magnetisation transformed into the plane of the 
p r o f i l e , and with a d i r e c t i o n s p e c i f i e d by the composite angle B, 
as defined f o r equation (1) i n chapter three. Now consider a 
sin e s e r i e s g r a v i t y anomaly of wavenumber k, which may be 
i n t e r p r e t e d as caused by a si n e s e r i e s surface d i s t r i b u t i o n of 
dens i t y a t a depth z, and w r i t t e n down a s , 
g = G (To s i n kx. e 
(Bott, personal communication) 
where = da s i n kx i s the d i s t r i b u t i o n of mass per u n i t 
area with wavenumber k. Thus, the magnetic anomaly f o u r i e r 
component of wavenumber k may be obtained by d i f f e r e n t i a t i n g the 
g r a v i t y anomaly with respect to x and z to give 
A = - J ^ k e ^ z s i n ( k x - B) 
- 9^ -. 
1 where J i s the magnetic moment per u n i t a r e a . The 
amplitude of magnetic moment i s r e l a t e d to the amplitude of 
the magnetic anomaly by 
I * I - Wl kz ke (4.1) 
(Bott, personal communication) 
For s m a l l values of kz, t h i s r e l a t i o n s h i p does not depend 
c r i t i c a l l y on the depth z as the exponential term tends to unity. 
For an equivalent l a y e r of th i c k n e s s A z » equation (4.1) may be 
w r i t t e n a s , 
| a | = U 
Where J i s the magnetic moment per u n i t volume, or the 
i n t e n s i t y of magnetisation. 
Equation (4.2) may now be applied to the long wavelength 
magnetic anomaly over the r e g i o n a l high i n the west of the 
present survey a r e a . The anomaly amplitude, for a wavelength 
of approximately 60kra, i s a t most 500 gamma; the wavenumber, 
k = Zn /\ , has an approximate value of 0.1km ; for an 
equivalent l a y e r of thic k n e s s 2km (the average thickness of 
oceanic l a y e r 2), the estimated value of J i s 0.025 cgs. I f an 
amplitude f o r the long wavelength component i s taken to be 
300 gamma, the magnitude of J i s 0.015 cgs. 
The r e s u l t s of t h i s estimate may now be compared with the 
f u l l d i s t r i b u t i o n of magnetisation derived by the l i n e a r i nverse 
method for the whole of l i n e 8 ( f i g . 4.3). An equivalent l a y e r 
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of t h i c k n e s s 2.0km was used, a t a depth of 0.5km, and the 
d i r e c t i o n of magnetisation was s p e c i f i e d as true north, f o r an 
i n c l i n a t i o n of 75°. The d i s t r i b u t i o n i n f i g . 4.3 i s 
dominated by long wavelength components which obscure d e t a i l 
over both the western r e g i o n a l high and from 20km to 70km, over 
two l a r g e p o s i t i v e anomalies i n the centre of the p r o f i l e . For 
the former, the change i n magnetisation i s of the order 0.01 cgs, 
and f or the l a t t e r i t i s approximately 0.005cgs. These values 
are d i f f e r e n c e s i n magnetisation, and fo r the s p e c i f i e d 
equivalent l a y e r c o n f i g u r a t i o n , they are not a l t e r e d by 
adjustments to the background f i e l d . The r e s u l t s of the 
estimates, and of the more s p e c i f i c computations by the l i n e a r 
i n v e r s e method, show that t h i s p a r t of the Iceland-Faeroes Rise 
i s a s s o c i a t e d with high amplitude e f f e c t i v e l a t e r a l changes i n 
magnetisation. 
For comparison with other areas i n the north-east 
A t l a n t i c , the values obtained above may be converted to the form 
of magnetic moment per u n i t area, by multiplying by the thickness 
of the equivalent l a y e r . I n t h i s form, the two values are 
proportional to 0.02 cgs and 0.01 cgs, and may be compared 
with 0.015 cgs and 0.006 cgs obtained by t r e a t i n g i n the same 
way the i n t e r p r e t a t i o n s of Vogt e t a l . (1970) f o r the a x i a l 
zone and f l a n k s of the I c e l a n d - Jan Mayen Ridge. Corresponding 
values f o r the a x i a l zone and the fl a n k s of the Reykjanes 
Ridge were c a l c u l a t e d from the models of Talwani et a l . (1971) 
as 0.01 cgs and 0.005 cgs., and from the models of Godby et a l . 
(1968) as 0.02 cgs. and 0.01 cgs. Thus, i n terms of magnetic 
moment per u n i t a r e a , the s e c t i o n of the Iceland-Faeroes R i s e 
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w i t h i n the d e t a i l e d survey area i s comparable to a c t i v e mid-
ocean r i d g e s i n the north-east A t l a n t i c . 
However, i n terms of wavelength, the d i s t r i b u t i o n of 
magnetisation f o r l i n e 8 ( f i g . 4.3) i s unusual. The width of 
the zone of high i n t e n s i t y magnetisation on the Reykjanes 
Ridge ( t a l w a n i e t a l . , 1971) i s about 20km, i n con t r a s t to 
the 30-40km for the r e g i o n a l high i n the present survey area. 
Thus, the area i s dominated by an E-W high amplitude change i n 
magnetisation of anomalously long wavelength f o r i t s s e t t i n g i n 
the north-east A t l a n t i c . An i n t e r p r e t a t i o n based purely on 
s e a - f l o o r spreading would imply a spreading r a t e f or the present 
area that i s a t l e a s t twice th a t on the Reykjanes Ridge, and i n 
a d i f f e r e n t d i r e c t i o n . 
I f a sudden change i n s e a - f l o o r spreading parameters i s 
considered unacceptable, then a l t e r n a t i v e i n t e r p r e t a t i o n s 
are r e q u i r e d , and which imply a fundamental change i n 
co n f i g u r a t i o n or composition of the magnetic basement from 
west to e a s t . T h i s condition i s i l l u s t r a t e d by the amplitude 
s p e c t r a f o r two 20km anomaly p r o f i l e lengths from l i n e 5; one 
p r o f i l e covers the western r e g i o n a l high and the other i s 
lo c a t e d j u s t to the east of the high. The length of 20km i s 
the maximum f o r an anomaly p r o f i l e r e s t r i c t e d e n t i r e l y to the 
r e g i o n a l high i n a l o c a t i o n where high amplitude anomalies such 
as B, b ( f i g . 2.3) are absent. The s p e c t r a f or the two 
p r o f i l e s ( f i g . 4.2) are very d i f f e r e n t i n chara c t e r , and the 
immediate i n t e r p r e t a t i o n i s that magnetic basement to the west 
i s l o c a t e d a t a greater depth than that to the e a s t . The a c t u a l 
% Clfjo a Q&h<tral maximum ur>"oC£ c4 a-homad'eS cW katsds <rf mao^lSfa/ioh of O^e notani-y. h e raj. 
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depth d i f f e r e n c e may be c a l c u l a t e d for s e l e c t e d wavenumbers by 
use of the method described i n appendix G, and with the 
assumption that the attenuation of s p e c t r a l components i n the 
western p r o f i l e i s due e n t i r e l y to the greater depth to the 
basement. Depth d i f f e r e n c e s of 0.5km to 1.5km were c a l c u l a t e d 
f o r the higher wavenumbers by t h i s method. Consideration of the 
a v a i l a b l e bathymetric data ( f i g s . 1.4 and 2.5) suggests that 
even f o r a depth d i f f e r e n c e of 0.5km, the magnetic basement 
i n the west must be buried i f the difference i n amplitude 
s p e c t r a i s to be explained i n t h i s way. Furthermore, i f the 
s e i s m i c r e f l e c t i o n r e s u l t s of Jones et a l . (1970) are assumed 
to be re p r e s e n t a t i v e of the western part of the c r e s t a l 
p l a t e a u , then l i t t l e or no sediment can be present, and the 
magnetic basement i n the west must be buried beneath a non-
magnetic basement. Although an upper non-magnetic basement 
i s f e a s i b l e , and t h i s i s d i s c u s s e d below i n connection with 
high amplitude anomalies a and b, i t i s considered u n l i k e l y t 
f o r the main s t r u c t u r e i n the west of the Iceland-Faeroes Ri s e 
was produced by s e a - f l o o r spreading (Bott e t a l . , 1971). The 
conclusion i s that the anomaly f i e l d i n the west contains 
much of i t s energy i n wavelength components which are longer 
than the 20km permitted by data cover for the spectra i n f i g . ^ . 2 . 
T h i s supports the q u a l i t a t i v e study made above. Thus, the 
di f f e r e n c e i n amplitude s p e c t r a i s explained by a fundamental 
d i f f e r e n c e i n the p r o p e r t i e s of two igneous basements a t outcrop. 
The d i f f e r e n c e i n anomaly s t y l e between east and west supports 
t h i s conclusion. 
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4.1.1.1 An i n t e r p r e t a t i o n i n terms of body geometry. 
As an a l t e r n a t i v e to the d i s t r i b u t i o n of magnetisation 
shown i n f i g . 4.3, magnetically equivalent geometric models 
were produced as i n t e r p r e t a t i o n s of the r e g i o n a l high i n the 
west of the ar e a . Anomaly c l u s t e r s A, a and B, b ( f i g . 2.3) 
w i l l be i d e n t i f i e d i n an i n t e r p r e t a t i o n described below, as 
i n t r u s i v e c e n t r e s , and as these appear to be confined to the 
s t r u c t u r e that,causes the magnetic r e g i o n a l high ( f i g . 2.4), 
then an i n t e r p r e t a t i o n of the l a t t e r i s of importance. 
F i g s . 4.4 to 4.7 show a f i r s t s e r i e s of optimization 
models f o r the s t r u c t u r e causing the regional magnetic high. 
The optimization models are i n the form of simple basement 
u p l i f t s and provide approximate depth estimates for further 
i n t e r p r e t a t i o n . The p r o f i l e from l i n e 7 ( f i g . 4.7) was 
included for comparison with those over the r e g i o n a l high i n 
the west, and shows the development of high H ( f i g . 2.3). A 
depth of 0.4km to the model for high H c o r r e l a t e s with a depth 
of 0.35 km recorded j u s t to the south by FS Meteor ( f i g . 2.5). 
G e n e r a l l y , the a v a i l a b l e bathymetric data i n d i c a t e s that 0.4km 
to 0.5km i s an average depth to the sea f l o o r i n the area, and 
the models i n f i g s . 4.4 to 4.7 reach t h i s depth i n p l a c e s . 
The optimization process produced a l s o a v e r t i c a l and 
h o r i z o n t a l component of magnetisation i n t e n s i t y for each model. 
Palaeomagnetic s t u d i e s i n the Faeroe I s l a n d s ( T a r l i n g and Gale, 
1968) have determined normal and reversed s t a b l e remanent 
magnetisations i n north - northeast and south - southeast 
d i r e c t i o n s r e s p e c t i v e l y . I n c l i n a t i o n of magnetisation i n the 
gamma 
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- f - W o r -110° 
Faeroes i s on the average - 70°• I f these r e s u l t s can be 
extrapolated to the present survey area, then the i n c l i n a t i o n 
defined by the 'optimum* components of magnetisation i n f i g s . 
4.4 to 4.7, and which i s as low as 30° for l i n e 7 ( f i g . 4.7), 
i s not of palaeomagnetic s i g n i f i c a n c e , but i s due to over-
s i m p l i f i e d models i n the optimization process. 
R e s i d u a l s , observed anomaly minus c a l c u l a t e d anomaly, 
from the optimization process were inte r p r e t e d using the l i n e a r 
i n v e r s e technique to derive a r e s i d u a l d i s t r i b u t i o n of 
magnetisation. The magnetisation d i s t r i b u t i o n s ( f i g s . 4.4 to 4.7) 
are those f o r rectangular two-dimensional prisms contained within 
an equivalent l a y e r , f o r which a depth of 0.4km to the upper 
sur f a c e corresponds to the estimated average bathymetry f or the 
survey a r e a . The depth of 0.6km to the lower surface i s 
approximately that of the shallower plateau regions of the models 
produced by optimization. An a l t e r n a t i v e would have been to 
s e c t i o n the optimization model i n t o a sequence of v e r t i c a l sided 
trapezoids and to solve f o r a r e s i d u a l d i s t r i b u t i o n of 
magnetisation w i t h i n these. The r e s i d u a l magnetisation 
d i s t r i b u t i o n s of f i g s . 4.4 to 4.7 show two s e c t i o n s where 
o s c i l l a t o r y i n s t a b i l i t y i s much reduced; one of these i s locat e d 
on l i n e 8 ( f i g . 4.£»), i n a p o s i t i o n where the depth of the 
optimization model i s of the same order as the depth to the lower 
su r f a c e of the equivalent l a y e r ; the other i s located on l i n e 5 
5" 
( f i g . 4.i) i n a p o s i t i o n where the optimization model i s much 
deeper than the equivalent l a y e r . Apparent s t a b i l i t y w i t h i n 
s e c t i o n s of a d i s t r i b u t i o n of magnetisation i s not a r e l i a b l e 
c r i t e r i o n for e s t a b l i s h i n g the v e r t i c a l bounds of magnetic sources, 
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but on l i n e 5 ( f i g . *f.€) i t may i n d i c a t e the existence of an 
independent weak and shallow source of magnetic anomalies. 
The f i r s t s e r i e s of optimization models ( f i g s , k.k to k.7) 
provides i n t e r p r e t a t i o n s f o r the reg i o n a l magnetic high and 
high H which are r e l a t i v e l y o b j e c t i v e . More s p e c i f i c 
i n t e r p r e t a t i o n s f o r the same four p r o f i l e s were obtained i n 
the form of a s i n g l e magnetic l a y e r of v a r i a b l e upper and 
lower surface topography, and of uniform i n t e n s i t y and d i r e c t i o n 
of magnetisation. T h i s second s e r i e s of geometrical i n t e r p r e t a t i o n s 
was obtained by a two-stage procedure f o r each p r o f i l e . I n 
the f i r s t stage, an upper surface topography was produced by 
t r i a l and e r r o r , program MAGN, and was based approximately on 
the optimization models of f i g s . k+k. to ^.7, but included 
more d e t a i l . F o r ^ h i s stage, a conventional lower surface was 
placed a t a constant depth of 5km and a magnetisation i n t e n s i t y 
of 0.005 cgs was used, with an i n c l i n a t i o n of 75° ( i n c l i n a t i o n 
of present earth's f i e l d ) i n the d i r e c t i o n of true north. The 
t r i a l and e r r o r stage was terminated when steep gradients, and 
l o c a l peak to trough gamma amplitudes had been produced i n 
c o r r e c t phase r e l a t i o n s f o r the most prominent l o c a l anomalies 
and i n f l e c t i o n s . I n the second stage, lower surface r e l i e f 
and f i n a l values f o r the v e r t i c a l and h o r i z o n t a l components 
of magnetisation were derived by optimization; upper surface 
co-ordinates, obtained by the i n d i r e c t method i n the f i r s t stage, 
were r e t a i n e d as f i x e d 'known' co-ordinates through the second 
stage optimization. The f i n a l models are shown i n f i g s . ^.8 and 
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the c a l c u l a t e d anomaly a t the p r o f i l e ends, to match those of 
the observed anomaly, the models were extended s l i g h t l y beyond 
the p r o f i l e ends. T h i s accounts for the thickening of the 
model l a y e r beyond the eastern end of the p r o f i l e from l i n e 7 
( f i g . 4.9)» and the r a p i d thinning of the l a y e r a t the eastern 
ends of the p r o f i l e s from l i n e s 5 and 8 ( f i g s . 4.8 and 4.9). 
G e n e r a l l y , the model magnetic l a y e r s ( f i g s . 4.8 and 4.9) 
develop maximum thic k n e s s beneath sections of sma l l e s t depth 
to the upper s u r f a c e . Again, from the estimated average 
bathymetry for the area, the model upper s u r f a c e s probably 
reach the sea f l o o r on the western and eastern margins of the 
survey area, but towards the centre of the area, the model 
upper su r f a c e i s considerably deeper than the estimated 
bathymetry. 
Apart from t h e i r s i g n i f i c a n c e as i n d i v i d u a l i n t e r p r e t a t i o n s , 
the models i n f i g s . 4.8 and 4.9 are u s e f u l i n that they are 
standardized by the use of a common i n t e n s i t y of magnetisation 
and depth to lower surface i n the f i r s t stage of t h e i r production. 
Thus, these models, and any magnetic equivalents, may be 
compared s y s t e m a t i c a l l y from p r o f i l e to p r o f i l e . For example, 
i n t e n s i t i e s of magnetisation are of the same order for models 
of p r o f i l e s 5» 8 and 12 ( f i g s . 4.8 and 4.9)» but lower surface 
r e l i e f on the model for l i n e 8 i s more exaggerated than on the 
other two models; the p r o f i l e from l i n e 8 i s close to high 
amplitude anomalies B, b ( f i g . 2.3) , and the exaggerated model 
may represent d i r e c t l y the greater development of the r e g i o n a l 





from l i n e 5 contains l e s s e r gradients and lower amplitudes 
than those of l i n e 8, and i t s proximity to the anomaly c l u s t e r 
A, a may i n d i c a t e t h a t a c t i v i t y a s s o c i a t e d with t h i s c l u s t e r 
i s older, deeper, or l e s s w e l l developed than i n the area of 
B, b. A s i m i l a r comparison of high H ( f i g . 4.9) with the 
western p r o f i l e s shows that i f a s i m i l a r s t r u c t u r e i s present, 
then i t must be on a smaller s c a l e than that responsible for 
the r e g i o n a l magnetic high i n the west, not only i n terms of 
a r e a , but a l s o i n t h i c k n e s s . 
I n t e r p r e t a t i o n of the r e g i o n a l magnetic high by models of 
the type obtained for l i n e s 12, 8 and 5 ( f i g s . 4.8 and 4.9) 
r e c e i v e s support from the i n t e r p r e t a t i o n of seismic r e f r a c t i o n 
r e s u l t s by Bott et a l . (1971). Seismic r e f r a c t i o n l i n e 69/3 
of Bott et a l . i s shown i n f i g . 1.4, and the south-eastern end 
of t h i s reversed l i n e i s l o c a t e d within the eastern quarter of 
the present survey area. A f u l l table of the r e f r a c t i o n r e s u l t s 
f o r south-eastern end of line. 69/3 i s included i n s e c t i o n 4.1.3 
of t h i s present work, but i t i s s u f f i c i e n t here to note that 
Bott et a l . recorded an uparching of l a y e r 2 rocks, of P -
v e l o c i t y 5«7km/s, which crossed l i n e 69/3 i n the form of a 
ridge surrounded by rocks of lower P - v e l o c i t y , j u s t to the 
north of the present survey a r e a . Thus, i t i s appropriate to 
i d e n t i f y the s t r u c t u r e causing the regional magnetic high i n 
the west with a s i m i l a r ridge of l a y e r 2 rocks, but of 
approximately N - S trend. 
The topographic r e l i e f on the upper surface of the models 
f o r the western anomaly p r o f i l e s i n f i g s . 4.8 and 4.9 i s 
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approximately 1.5km to 2.0km, or of the same order as that of 
the l a y e r 2 ridge defined by Bott et a l . The depth of the base 
of l a y e r 2 was c a l c u l a t e d f o r l i n e 69/3 as 7.25 - 1.28km, and 
thus the models of f i g s . 4.8 and 4.9 may be of approximately 
the c o r r e c t dimensions, and the i n t e n s i t y of 0.005cgs may be a 
r e a l i s t i c estimate of the average i n t e n s i t y of magnetisation of 
the postulated l a y e r 2 ridge i n the survey area. The models 
fo r p r o f i l e s 12, 8 and 5 ( f i g s . 4.8 and 4.9) must not be 
taken too l i t e r a l l y , and i t i s very dangerous to equate the 
thinning towards the east i n these models with a thinning of 
l a y e r 2 i n the same d i r e c t i o n . I f any i n t e r p r e t a t i o n i s to be 
assigned to model lower surface r e l i e f , then an apparent change 
i n magnetisation, away from the postulated r i d g e , within the 
l a y e r 2 rocks i s a l l t h a t can be suggested. 
The i d e n t i f i c a t i o n of the western r e g i o n a l high with a 
ridge of l a y e r 2 rocks i s i n agreement with the explanation of 
the d i f f e r e n c e i n amplitude spectra f o r p r o f i l e s from l i n e 5» 
as being due to a fundamental di f f e r e n c e i n basement; to the 
west, the basement i s formed by l a y e r 2 rocks which d i f f e r s 
from the basement of the c e n t r a l and eastern s e c t i o n s of the 
survey a r e a . 
Features such as the N - S regi o n a l high i n the west of 
the survey area would dominate the magnetic f i e l d i f they were 
common on the Iceland-Faeroes R i s e , and the N - S trend on the 
aeromagnetic map of Avery e t a l . (1968), which i s shown i n f i g . 
1.3» may i n d i c a t e a wide v a r i a b i l i t y i n the type of basement 
a t outcrop which i s c o n t r o l l e d by s i g n i f i c a n t topography within 
the upper sei s m i c l a y e r s . 
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4.1.2 The i n t e r p r e t a t i o n of high amplitude, r e l a t i v e l y i s o l a t e d 
anomalies. 
A q u a l i t a t i v e comparison of the anomaly patterns superimposed 
on the r e g i o n a l magnetic high i n the west of the survey area 
with the I.G.S. aeromagnetic maps, covering the T e r t i a r y 
v o l c a n i c c e n t r e s of North-west Scotland, suggest that the 
c i r c u l a r , or s e m i - c i r c u l a r configurations of anomaly c l u s t e r s 
A, a and B, b ( f i g . 2.3) mark the s i t e s of v o l c a n i c / i n t r u s i v e 
c e n t r e s . K r i s t j a n s s o n (1970) quotes a personal communication 
from Th. S i g u r g e i r s s o n concerning the presence of large 
aeromagnetic anomalies over i n t r u s i v e complexes within the 
T e r t i a r y b a s a l t s of I c e l a n d , and deduces that s i m i l a r anomalies 
over other p a r t s of the T e r t i a r y area are caused by i n t r u s i v e 
c e n t r e s beneath the b a s a l t s ; some of these centres may be 
r e v e r s e l y magnetised. 
I n t h i s context, high amplitude anomalies such as A, a, B, b 
and E ( f i g . 2.3) mark the s i t e s of the components of two such 
c e n t r e s , as v o l c a n i c s u p e r s t r u c t u r e , i n t r u s i v e apophyses and 
s u b s i d i a r y i n t r u s i o n s . Simple models, produced by optimization, 
i n d i c a t e that these i n d i v i d u a l components reach the estimated 
depth of the sea f l o o r a t 0.4 - 0.5km ( f i g s . 4.10 to 4.13), 
although the model for high A alone ( f i g . 4.10) i s u n r e l i a b l e 
as the assumption of a two-dimensional s t r u c t u r e i s a poor 
approximation f o r the p r o f i l e from l i n e 2 ( f i g . 2.3). 
Of p a r t i c u l a r importance are the negative anomalies a and 
b ( f i g . 2.4). At the high l a t i t u d e s of the survey area, these 
f e a t u r e s are c e r t a i n l y caused by bodies which are d i s t i n c t 
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and B. On the t o t a l f i e l d map ( f i g . 2.3), the amplitudes of A 
and a are approximately equal with respect to the estimated 
background f i e l d , and the emplitude of b i s greater than that 
of B. That A, a and B, b are coupled p o s i t i v e and negative 
lobes of anomalies produced by a s i n g l e body i n each case, 
with a very low magnetisation i n c l i n a t i o n , i s refuted by the 
steep gradients th a t define a and b, and e s p e c i a l l y as B appears 
to be separated from b on the contour map ( f i g . 2.3). Thus 
A and a, B and b are to be i n t e r p r e t e d as four i n d i v i d u a l 
s t r u c t u r a l components. 
The geometrical models produced by use of the i n d i r e c t 
method (program MAGN) show that the bodies causing anomalies 
a and b are n e g a t i v e l y magnetised r e l a t i v e to the source 
bodies of A and B, and to the 'country rocks' generally 
( f i g s . 4.14 and 4.15). However, l a t e r a l d i s t r i b u t i o n s of 
magnetisation w i t h i n equivalent l a y e r s of constant thickness 
( f i g . 4.16) show t h a t , r e l a t i v e to the IGRF, the change i n 
magnetisation that i s responsible for low b i s one from p o s i t i v e 
high i n t e n s i t y to very low i n t e n s i t y and not n e c e s s a r i l y to 
one of reversed p o l a r i t y . Thus, i n the absence of a knowledge 
of the true c o n f i g u r a t i o n of anomalous bodies, i t i s s a f e r to 
d i s c u s s the bodies responsible for a and b i n terms of a low 
i n t e n s i t y of magnetisation r e l a t i v e to that of the 'country 
rocks'. There are s e v e r a l ways i n which t h i s change i n 
magnetisation can be explained. 
One explanation i s that the bodies causing anomalies a 
and b were intruded or extruded a t a d i f f e r e n t time from that 
- 106 -
of the formation of the r e s t of the v o l c a n i c / i n t r u s i v e centres 
and the l a y e r 2 r i d g e . The r e l a t i v e l y low i n t e n s i t i e s of 
magnetisation are thermo-remanent components acquired under 
d i f f e r e n t geomagnetic f i e l d c o nditions. A, s i m i l a r s i t u a t i o n 
has been described by Hamilton and Richardson (197D» i n which 
a magnetic anomaly over a seamount i n the Tyrrhenian Sea may 
be explained by a normally magnetised c e n t r a l feeder surrounded 
by r e v e r s e l y magnetised m a t e r i a l . However, the uniqueness of 
anomalies a and b, and t h e i r apparent c e n t r a l l o c a t i o n i n the 
two postulated c e n t r e s of a c t i v i t y , suggest that they are 
a s s o c i a t e d with a d i s t i n c t i v e rock type, as w e l l as with a low 
i n t e n s i t y of magnetisation. 
The d i s t i n c t i v e rock type may represent an o r i g i n a l 
d i f f e r e n c e i n petrology, or may be an a l t e r a t i o n product i n 
which the magnetisation was e f f e c t i v e l y destroyed. The 
hydrothermal aureole of the v o l c a n i c centres of Thingmuli 
(Carmichael, 1964) and Breiddalur (Walker, 1963), i n eastern 
I c e l a n d , i s of wide extent, and of r a d i a l l y decreasing i n t e n s i t y 
away from the v o l c a n i c cores. T h i s s i t u a t i o n does not agree with 
the r e l a t i v e l y narrow width and sharp d e f i n i t i o n of anomalies 
a and b, e s p e c i a l l y b. I f a l t e r a t i o n i s to be invoked, then i t 
must be a s s o c i a t e d with a l o c a l rock type, such as a loose 
agglomerate, th a t i s e s p e c i a l l y permeable to hydrothermal f l u i d s ; 
some magnetic lowc; i n I c e l a n d have been explained by t h i s mechanism 
(Saemundsson, 1971)• 
The p r e f e r r e d i n t e r p r e t a t i o n of anomalies a and b i s one 
that s u i t s the sharp d e f i n i t i o n of these features on the contour 
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map ( f i g . 2.3) as w e l l as t h e i r apparent s i m p l i c i t y , and i s 
that they are caused by the presence of r e l a t i v e l y non-magnetic 
g r a n i t i c rocks a t the centre of i n t r u s i v e complexes. Acid 
i n t r u s i o n s and l a v a s are found i n the core of Thingmuli i n 
I c e l a n d (Carmichael, 1964), and granophyres occur i n the 
cen t r e s of Mull and Ardnamurchan (Richey, 1961). The I.G.S. 
aeromagnetic maps show that the granophyres of Mull and 
Ardnamurchan, and a l s o the g r a n i t e s of Skye, are as s o c i a t e d 
with negative magnetic anomalies. Thus, the anomalies A, a, 
B, b, are considered to be due to basic and a c i d p e t r o l o g i c a l 
components w i t h i n the two v o l c a n i c / i n t r u s i v e centres on the ridge 
of l a y e r 2 rocks. The s e m i - c i r c u l a r configuration of p o s i t i v e 
anomalies round low a and low b may be due to p a r t i a l ring-dyke 
development. 
Saemundsson (1971) d i s c u s s e s such centres i n I c e l a n d as 
c e n t r a l v o l c a n o / f i s s u r e swarm u n i t s , and gives the dimensions 
of a t y p i c a l u n i t as 10-25km a c r o s s and 50-100km along the a x i s . 
These dimensions are comparable to those of the N - S trending 
r e g i o n a l high. There i s l i t t l e i n d i c a t i o n of the presence of 
dykes i n f i s s u r e s , or of swarms of these, on the postulated 
l a y e r 2 ridge as i s normal i n I c e l a n d (Walker, 1963; Carmichael, 
1964; Saemundsson, 1967), but f i s s u r e s are not so common i n some 
p a r t s of I c e l a n d such as the vo l c a n i c zone of Sn a e f e l l s n e s 
(Sigurdsson, 1967). I n a d d i t i o n , K r i s t j a n s s o n (1970) suggests 
t h a t dykes do not cause any major magnetic anomalies i n I c e l a n d , 
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4.1.3 The eastern s e c t i o n of v a r i a b l e magnetic anomalies. 
Whatever the true s i t u a t i o n represented by the models for 
the r e g i o n a l high i n f i g s . 4.8 and 4.91 the steep f i e l d gradients 
a t the e a s t e r n margin of t h i s feature are i n t e r p r e t e d as steep 
upper surface scarps which descend to depths between 1km and 
2km, or on average 1.5km. Optimization for the dimensions of 
a t a b u l a r body to s a t i s f y an anomaly p r o f i l e over low c ( f i g . 2.3) 
produced a s o l u t i o n contained between depths of 0.4km and 1.5km. 
Thi s anomaly w i l l be discussed below, but the depth range of 
the t a b u l a r model i s considered to be s i g n i f i c a n t . Although 
i t i s not p o s s i b l e to res o l v e a v e r t i c a l d i s t r i b u t i o n of 
magnetic sources, there i s strong seismic r e f r a c t i o n evidence 
for a l a y e r i n t e r f a c e a t approximately 2km. The south-eastern 
end of se i s m i c r e f r a c t i o n l i n e 69/3 of Bott et a l . (1971) l i e s 
j u s t to the west of high H ( f i g . 2.3). The seismic s t r u c t u r e 
beneath the south-eastern end of l i n e 69/3 i s i n t e r p r e t e d by 
Bott e t a l . as fol l o w s : 
Layer P - v e l o c i t y Layer thickness Depth to top 
(km/s) (km) (km) 
water 1.48 0.4 
1a 3.68* 0.57 0.40 
1b 4.47** 1.63 0.97 * 0.24 
2 5.74 4.65 2.60 ± 0.52 
3 6.80 - 7.25 i 1.28 
* assumed ** assumed h o r i z o n t a l 
The l a y e r numbers of Bott e t a l . are based on the convention 
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of Palmason (1970) f o r s i m i l a r seismic v e l o c i t i e s i n I c e l a n d . 
The v e l o c i t y f o r l a y e r 1a i s t h a t observed a t the north-western 
end of l i n e 69/31 and the t h i c k n e s s of t h i s l a y e r a t the south-
e a s t e r n end of the l i n e , where i t was not observed d i r e c t l y , 
was c a l c u l a t e d from the time i n t e r c e p t on the distance - time 
p l o t f o r l a y e r 1b, which i s greater than would be expected for 
a f i r s t r e f r a c t i o n a t the sea f l o o r . The seismic r e s u l t s 
t a b l e d above i n d i c a t e that the l a y e r 1/layer 2 i n t e r f a c e 
occurs a t a minimum depth of 2km, which i s i n p a r t i a l agreement 
with the average depth of 1.5km noted a t the beginning of t h i s 
s e c t i o n . Thus,, the mixed and v a r i a b l e anomaly f i e l d east of 
the r e g i o n a l magnetic high ( f i g . 2.3) i s probably caused 
mainly by sources contained w i t h i n layer 1a and 1b of Bott 
et a l . (1971). On t h i s hypothesis, l a y e r s 1a and 1b are 
u n d e r l a i n e i t h e r by r e l a t i v e l y non-magnetic m a t e r i a l , or by 
ma t e r i a l w i t h i n which the i n t e n s i t y of magnetisation i s slowly 
v a r y i n g i n a l a t e r a l sense, so that i t i s e f f e c t i v e l y uniform 
over d i s t a n c e s of 10-20km, as i n the case of the regional 
high i n the west. This i n t e r p r e t a t i o n i s a t e n t a t i v e one, 
but s u i t s the change i n anomaly s t y l e from west to ea s t , 
and i s supported by the r e s u l t s of reversed r e f r a c t i o n l i n e 
69/3. 
L a t e r a l d i s t r i b u t i o n s of magnetisation, obtained by use 
of the l i n e a r i n v e r s e technique f o r an equivalent l a y e r bounded 
by depths of 0.4km and 1.5km, contain changes i n i n t e n s i t y that 
are quite c o n s i s t e n t i n absolute magnitude for magnetic anomalies 
of 5-15kra wavelength over most of the c e n t r a l and eastern 
s e c t i o n s of the survey a r e a . P i g . 4.17 shows two of these 
d i s t r i b u t i o n s of magnetisation; one i s f o r an anomaly p r o f i l e 
>ifW- . 
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from l i n e 9i based on the IGRF, and the other i s for a p r o f i l e 
from l i n e 1, based on a l e a s t - squares r e g i o n a l . The E - W 
l e a s t - squares r e g i o n a l gradient i s very s l i g h t for l i n e 1 
( f i g . 4.1), due to a lower amplitude for the western 'regional 
high 1 and to the presence of a long wavelength p o s i t i v e anomaly 
i n the centre of the l i n e ( f i g . 2.4). Both d i s t r i b u t i o n s i n 
f i g . 4.17 include l o c a l changes i n i n t e n s i t y over distances 
of 5-10km of the order - 0.003cgs. 
The i n t e r p r e t a t i o n of low c ( f i g . 2.3) by optimization, 
and high D ( f i g . 2.3) by the l i n e a r inverse method i n d i c a t e s 
i n t e n s i t i e s of magnetisation of the same order as those 
derived f o r l o c a l anomalies on the p r o f i l e s from l i n e s 1 and 9 
( f i g . 4.17). However, the r e g u l a r form and trend of anomalies 
c and D di s t i n g u i s h e s , them from the general anomaly f i e l d east 
of the r e g i o n a l high ( f i g . 2.3). The tabular body produced 
fo r low c i s of width 3km and of i n t e n s i t y of magnetisation 
-0.003cgs; the width i s too great for a s i n g l e dyke and the 
absolute i n t e n s i t y seems ra t h e r high for a dyke swarm, when 
compared to measured i n t e n s i t i e s on samples from dykes i n 
I c e l a n d ( k r i s t j a n s s o n , 1970), unless i n d i v i d u a l dykes are 
c l o s e l y packed to form an e f f e c t i v e l y homogeneous i n t r u s i o n 
of moderate s i z e . A l t e r n a t i v e l y , the regular form of anomaly 
c may be explained by a l e n s of l a v a b u i l t up over a N - S 
f i s s u r e ; a s i m i l a r i n t e r p r e t a t i o n could account for anomaly D. 
C e r t a i n l y , the N - S trend of anomalies c and D ( f i g . 2.3) 
i d e n t i f i e s them more c l o s e l y with the 'regional high' than with 
the mixed anomaly f i e l d i n which they are s e t . I f these 
f e a t u r e s are a s s o c i a t e d with f i s s u r e - c o n t r o l l e d i n t r u s i o n or 
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e x t r u s i o n on the f l a n k s of the postulated l a y e r 2 ridge, then 
the development' o f f i s s u r e s would appear to be very l i m i t e d . 
Of equal u n c e r t a i n t y i s the i n t e r p r e t a t i o n of high H 
f i g s . 2.3, 4.8 and 4.9). Again, there i s a c e r t a i n s i m p l i c i t y 
and a suggestion of a N - S trend that a s s o c i a t e s t h i s feature 
with the r e g i o n a l magnetic high i n the west. I t may be caused 
by another, smaller ridge of l a y e r 2 rocks, and i f i t contains 
a v o l c a n i c c e n t r e , t h i s may be poorly developed or buried by 
younger b a s a l t s , such as the c e n t r a l volcano of H u s a f e l l i n 
south-west I c e l a n d (Saemundsson, 1967)* 
A' NW - SE trend i s poorly developed i n the present survey 
area, and i s only recognisable i n low k and i t s continuations 
as the locus of r e l a t i v e l y low and negative anomalies ( f i g s . 
2.J and 2.4). From f i g . 4.17, i t appears that low k i s a s s o c i a t e d 
with a negative magnetisation of greater absolute i n t e n s i t y 
than that f o r adjacent anomalies. This may i n d i c a t e a greater 
depth extent for the source of low k and a possible a s s o c i a t i o n 
with deep f r a c t u r e s ; the steep gradients of low k on l i n e 9 
( f i g . 4.17) could support t h i s , but the i n t e r p r e t a t i o n i s 
u n c e r t a i n . However, i t i s noted that the major f j o r d system 
of the Faeroe I s l a n d s i s aligned NW - SE, and that t h i s i s 
a l s o one of the two suggested conjugate f a u l t d i r e c t i o n s that 
c o n t r o l the present o u t l i n e of I c e l a n d ( T r . Einarsson, 1965). 
4.1.4 D i s c u s s i o n . 
Before the r e s u l t s of i n t e r p r e t a t i o n s presented above are 
discussed, i t should be noted that a long wavelength component 
from l a y e r 3 way be present i n the magnetic data of the d e t a i l e d 
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survey a r e a . The t y p i c a l oceanic l a y e r 3 i s considered to 
contribute l i t t l e to the observed magnetic f i e l d (Bott, 196? 
Luyendyk, 1969;; Talwani et a l . , 1971)t but i n south-west 
I c e l a n d ( K r i s t j a n s s o n , 1970; K r i s t j a n s s o n , 1971) highly a l t e r e d 
b a s a l t s with a remanent magnetisation of 0.06cgs have been 
sampled from a borehole sunk i n an area where seismic data 
i n d i c a t e s a depth to l a y e r 3 of only a few hundred metres 
(Palmason, 1970). Seismic r e f r a c t i o n s t u d i e s i n I c e l a n d 
(Palmason, 1970) have a l s o shown that the depth to l a y e r 3 i s 
s h a r p l y reduced by as much as 4km beneath T e r t i a r y v o l c a n i c 
c e n t r e s . I f such a s i t u a t i o n i s present beneath the r e g i o n a l 
magnetic high i n the west of the present survey area, then the 
e f f e c t s w i l l be of g r e a t e s t i n f l u e n c e i n the models of f i g s . 
4.8 and 4.9. I n t e r p r e t a t i o n of high amplitude anomalies A, a 
and B, b should not be a f f e c t e d . 
The r e l a t i v e l y quiet anomaly f i e l d over sections; of the 
r e g i o n a l magnetic high i n the west suggests that the postulated 
ridge of l a y e r 2 rocks i s composed of t h i c k u n i t s of large 
a r e a l extent. The presence of v o l c a n i c / i n t r u s i v e centres A, a 
and B, b i n d i c a t e that former magma r e s e r v o i r s a t a high l e v e l 
i n the c r u s t are to be expected, and, thus, a l i k e l y composition 
f o r the ridge of l a y e r 2 rocks i n the west of the area i s of 
t h i c k b a s a l t formations and gabbroic i n t r u s i o n s . I f , as was 
noted i n s e c t i o n 4.1.1.1, the i n t e n s i t i e s of magnetisation f o r 
the models f o r the r e g i o n a l high i n f i g s . 4.8 and 4.9 are 
average i n t e n s i t i e s of the c o r r e c t order of magnitude, then a 
t e n t a t i v e c o r r e l a t i o n may be made with the i n t e n s i t i e s of 
sampled gabbros and the more highly magnetic T e r t i a r y b a s a l t s 
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i n I c e l a n d ( K r i s t j a n s s o n , 1970). I n t e r p r e t a t i o n of the 
re g i o n a l magnetic high i s ; appropriate to the ridge of l a y e r 2 
rocks only, and should not be extrapolated to include the whole 
of the t h i c k l a y e r 2 that seems to be c h a r a c t e r i s t i c of the 
I c e l a n d - Faeroes R i s e (Bott e t a l . , 1971). However, i t has 
been proposed ( K r i s t j a n s s o n , 1970) that an extensive substratum 
of gabbro i s present beneath I c e l a n d to account for the widespread 
occurrence of gabbroic nodules i n b a s a l t s . 
Another problem i s whether other r i d g e s of l a y e r 2 rocks 
on the I c e l a n d - Faeroes R i s e (Bott et a l . , 1971) are c l o s e l y 
a s s o c i a t e d with v o l c a n i c / i n t r u s i v e centres, as appears to be 
the case i n the present survey a r e a . I f such a close a s s o c i a t i o n 
i s the general r u l e , then i t may be i n d i c a t i v e of a prolonged 
or a very intense a c t i v i t y f o r the formation of l a y e r 2 i n 
d i s t i n c t s t ages. During the f i r s t stage an extensive thickness 
of b a s a l t s , probably of submarine pillow form, was b u i l t up 
from numerous f i s s u r e s , while a c t i v i t y became l o c a l i s e d to 
cent r e s during a second stage. These two stages may represent 
separate phases i n time, or may be d i f f e r e n t contemporaneous 
aspects of one period of a c t i v i t y i n a p a r t i c u l a r a r e a . 
The dominant p o s i t i v e p o l a r i t y of the r e g i o n a l magnetic 
high ( f i g . 2.4) a l s o suggests e i t h e r prolonged a c t i v i t y during 
a lengthy geomagnetic epoch of normal p o l a r i t y , or rapid 
e x t r u s i o n and i n t r u s i o n during a period of intense a c t i v i t y . 
The s t y l e of a c t i v i t y which has been a s s o c i a t e d with the 
western part of the survey area\ c o n t r a s t s sharply with that 
which seems to have occurred i n the eastern and c e n t r a l s e c t i o n s . 
The v a r i a b l e anomaly f i e l d e a st of the r e g i o n a l high contains 
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both p o s i t i v e and negative anomalies which, when based on the 
IGRF, are explained by p o s i t i v e and negative magnetisations 
( F i g . 4.17)• T h i s s i t u a t i o n i s i n d i c a t i v e of igneous a c t i v i t y 
over a long i n t e r v a l , during which the ambient geomagnetic 
f i e l d changed p o l a r i t y a t l e a s t once, but probably s e v e r a l 
times. The g e n e r a l l y i r r e g u l a r nature of the anomaly f i e l d i n 
t h i s sub-area suggests, i n a d d i t i o n , that the igneous a c t i v i t y 
was mainly eXtrusive i n c h a r a c t e r . 
The sources of magnetic anomalies w i t h i n t h i s sub-area 
have been i d e n t i f i e d as contained within seismic l a y e r s 1a and 
1b of Bott et a l . (1971). Layer 1a i s poorly defined a t the 
south-eastern end of l i n e 69/3» and i t appears that l a y e r 1 i s 
composed mainly of the 1b rock type i n the present survey area. 
I n I c e l a n d , s e i s m i c l a y e r s 1 and 2 are composed of T e r t i a r y 
b a s a l t s (Palmason, 1970) of very s i m i l a r p e t r o l o g i c a l and 
magnetic p r o p e r t i e s , and, thus, the i n t e n s i t i e s of magnetisation 
of 0.003-0.004cgs computed for l i n e s 9 and 1 ( f i g . 4.17) are 
probably of the c o r r e c t order when compared to s l i g h t l y higher, 
but comparable i n t e n s i t i e s a s s o c i a t e d with the models for the 
r e g i o n a l high i n f i g s . 4.8 and 4.9. I n t h i s context, the W - E 
high amplitude, long wavelength change i n magnetisation that 
c h a r a c t e r i s e s the present survey area i s explained as a change 
from basement formed by the s t y l e of igneous a c t i v i t y a s s o c i a t e d 
with a t h i c k ridge of l a y e r 2 rocks to that of a thinner l a y e r 1. 
Bott et a l . (1971) have drawn the general conclusion that 
the c r u s t of the Iceland-Faeroes R i s e bears strong s i m i l a r i t i e s 
to that of I c e l a n d , i n terms of both upper c r u s t a l v a r i a b i l i t y 
and t o t a l c r u s t a l t h i c k n e s s . Thus, i t may be v a l i d to equate 
the apparent W - E change i n s t y l e of igneous a c t i v i t y , i n the 
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present survey a r e a , to eruption i n shallower water or i n 
s u b - a e r i a l conditions -. I t was a l s o considered by Bott et a l . 
that a l o c a l V - shaped g r a v i t y anomaly, on the south-east s e c t i o n 
of the I c e l a n d - Faeroes R i s e , i s caused by a V - shaped v a l l e y 
which i s now buried by sediment, and which had been cut sub-
a e r i a l l y when the c r e s t of the R i s e stood above sea l e v e l . 
Emergence of the I c e l a n d - Faeroes may be r e f l e c t e d i n the 
change i n s t y l e of igneous a c t i v i t y as mentioned above, and 
po s s i b l y a l s o i n the topographic form of some minor f e a t u r e . 
Many of the geometric models for the sources of some i s o l a t e d 
anomalies i n the present survey area show a break i n slope 
below the shallowest 100r.300m of the bodies ( f i g s . 4.10 £0 
4 .13) . T h i s break i n slope may mark the change from p i l l o w 
b a s a l t s to tephra i n the postulated s e r i e s ; p i l l o w s t r u c t u r e s , 
b r e c c i a s and t u f f , and plateau b a s a l t s ; a s e r i e s that i n d i c a t e s 
the t r a n s i t i o n from eruption i n deep water through eruption i n 
shallow water, to quiet s u b a e r i a l extrusion. This s e r i e s has 
been deduced from the study of extrusion forms i n and around 
I c e l a n d (Jones, 1966; Kjartansson, 1967; Jones, 1970). A 
major d i f f i c u l t y i n applying t h i s hypothetical s e r i e s to the 
present area i s tha t the emergent tephra stage on Surtaey has; 
a weak magnetisation compared with that of the presumed p i l l o w 
b a s a l t s of the t o t a l l y submarine volcano S u r t l a ( S i g u r g e i r s s o n , 
1966), while the models i n f i g s . 4.10 to 4.13 are a s s o c i a t e d 
with a high i n t e n s i t y of magnetisation. 
I n d i r e c t evidence of a former e l e v a t i o n of the I c e l a n d -
Faeroes R i s e , a t l e a s t within the marked influence of wave 
a c t i o n , i s provided by the l a c k of s i g n i f i c a n t bathymetric 
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r e l i e f on the c r e s t a l p l a t e a u . The c r e s t a l plateau has been 
shown from saeismic r e s u l t s (Bott et a l . , 1971) to be formed of 
a very v a r i a b l e upper c r u s t with considerable topography on the 
l a y e r i n t e r f a c e s , and the present work has shown the existance 
of a number of d i s c r e t e v o l c a n i c centres. Thus, the smooth 
c r e s t a l plateau may be the r e s u l t of marine peneplanation 
when igneous a c t i v i t y had ceased, possibly accompanied by 
gradual subsidence. However, the e f f e c t of bottom current 
a c t i v i t y must not be underestimated in t h i s respect (Jones et 
a l . , 1970), and t h i s may have been more intense during the 
p e r i o d of lower sea l e v e l a s s o c i a t e d with the P l e i s t o c e n e 
g l a c i a t i o n s . 
There i s a strong i n d i c a t i o n of a former s u b - a e r i a l 
s t a t u s f o r the western part of the Faeroes s h e l f area i n the 
t h i c k e n i n g towards the west of the Eocene c o a l s e r i e s on 
Sudheroy (Rasmussen and Noe - Nygaard, 1970).. 
4.1.5 Summary of conclusions. 
a) The magnetic s t r u c t u r e of t h i s s e c t i o n of the 
Iceland-Faeroea Ri s e i s anomalous when compared to that of 
t y p i c a l oceanic c r u s t i n the North-east A t l a n t i c . 
b) A long wavelength p o s i t i v e magnetic anomaly i n 
the west of the area i s i n t e r p r e t e d as caused by a ridge of 
t h i c k b a s a l t s and gabbro i n t r u s i o n s that i s a s s o c i a t e d with 
the t h i c k seismic l a y e r 2 (P - v e l o c i t y 5.7km/s), which i s 
c h a r a c t e r i s t i c of the Iceland-Faeroes R i s e . 
c) The ridge of l a y e r 2 contains v o l c a n i c / i n t r u s i v e 
c e n t r e s which are a s s o c i a t e d with b a s i c and a c i d rocks, as 
component i n t r u s i o n s or v o l c a n i c superstructure. 
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d) Much of the magnetic anomaly f i e l d east of the 
l a y e r 2 ridge i s due to magnetisations within seismic l a y e r 1, 
of t h i c k n e s s approximately 2km. This l a y e r i s composed almost 
e x c l u s i v e l y of extruded m a t e r i a l of v a r i a b l e c h a r a c t e r . 
e) There i s s l i g h t and uncertain evidence for the 
former e l e v a t i o n of the Iceland-Faeroes R i s e up to, or above 
sea l e v e l . 
4.2 I n t e r p r e t a t i o n of data from the survey of RRS John Murray,1967.» 
P r o f i l e s from l i n e s K and C ( f i g . 1.4) were inter p r e t e d 
using the b a s i c l i n e a r i n v e r s e method and the j o i n t a n a l y s i s 
gravity/magnetic programs to determine the o r u s t a l r e l a t i o n of 
magnetisation to anomalous de n s i t y . 
4.2.1 I n t e r p r e t a t i o n of l i n e K. 
By the use of g r a v i t y data ( f i g . 4.18) and the r e s u l t s of 
sei s m i c r e f r a c t i o n l i n e s 69/2 and 69/3 ( f i g . 1.4), Bott et a l . 
(1971) concluded that the Iceland-Faeroes R i s e i s approximately 
i n i s o s t a t i c e q u i l i b r i u m , with compensation of the Airy type 
by c r u s t a l thickening to a depth of 20km. The present study 
of l i n e K i s to i n v e s t i g a t e the sources of magnetic anomalies 
and t h e i r r e l a t i o n to l o c a l g r a v i t y anomalies. 
I n terms of magnetic anomalies, the s i t u a t i o n on l i n e K 
i s s i m i l a r to that of the d e t a i l e d survey area of s e c t i o n 4.1. 
Here again, a c e n t r a l s e c t i o n of v a r i a b l e high wavenumber 
anomalies i s contained between two flan k i n g anomalies, centred 
about 100km and 300km ( f i g . 4.18), which contain long wavelength 
components of s i g n i f i c a n t amplitude. The outer s e c t i o n s of the 
gamma 
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magnetic p r o f i l e are probably of l i t t l e use i n two-dimensional 
i n t e r p r e t a t i o n , as south-west and north-east of the two major 
f l a n k i n g anomalies, the data p r o f i l e i s probably s u b - p a r a l l e l 
to the s t r i k e of magnetic anomalies ( f i g . 1.3). 
The c e n t r a l s e c t i o n of high wavenumber magnetic anomalies 
i s a s s o c i a t e d with a r e l a t i v e low of 3O-40mgal i n the g r a v i t y 
f i e l d , g r a v i t y anomaly Y i n f i g . 4.18. This low i s part of a 
depression i n the free a i r g r a v i t y f i e l d , of approximately N - S, 
or NNW - SSE trend, which i s terminated j u s t to the north of 
the d e t a i l e d survey area by an E - W grav i t y high ( f i g . 1.5)• 
The approximate centres of the south-west and north-east 
f l a n k i n g magnetic highs on l i n e K ( f i g . 4.18) are located a t 
62°20'N, 11°20'W and 63°30'N, 08°20»W. I n f i g . 1.3, the south-
west f l a n k i n g high forms part of a N - S or NNW - SSE band of 
high f i e l d v a l u e s that i ncludes a l s o the western 'regional high 1 
f l a n k i n g high on l i n e K i s more obscure, but i t may form part 
of a band of anomalies s t r i k i n g N - S from the north-western 
edge of the Faeroes ' s h e l f , with a change i n trend to NE - SW 
A l a t e r a l d i s t r i b u t i o n of magnetisation within an equivalent 
l a y e r bounded by depths of 0.5km and 5.0km i n d i c a t e s a change 
i n i n t e n s i t y of approximately 0.006cgs, from the c e n t r a l 
s e c t i o n to the north-east f l a n k i n g high. T h i s i s of the same 
order as was obtained from the i n t e n s i t y of magnetisation of 
models f o r the 'regional high' i n the d e t a i l e d survey area 
( f i g s . 4.8 and 4.9), with v e r t i c a l dimensions approximately 
those of the equivalent l a y e r used here. I n t e n s i t i e s of 
of the d e t a i l e d survey a r e a . Continuity of the north 
a t approximately 62°50'N. 
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magnetisation a s s o c i a t e d with the south-west fl a n k i n g high on 
l i n e K are somewhat higher, and t h i s difference w i l l be 
dis c u s s e d below, but there i s some i n d i c a t i o n of a general 
s t r u c t u r a l s i m i l a r i t y , and p o s s i b l y continuity between the 
d e t a i l e d survey area i n the north and l i n e K i n the south. 
4 . 2 . 1 . 1 . Transformation of anomalies and the r a t i o p / J . 
Program TR/GM was used to transform the fr e e a i r g r a v i t y 
anomaly p r o f i l e ( f i g . 4.18) to pseudo-magnetic anomalies. 
Some f e a t u r e s of the observed magnetic anomaly p r o f i l e were 
reproduced i n c o r r e c t phase r e l a t i o n , but generally the r e s u l t s 
were u n s a t i s f a c t o r y . 
Program TR/MG was used to produce the pseudo-gravity 
anomaly p r o f i l e s shown i n f i g . 4.19 from the observed magnetic 
anoraaliea, based on the IGRF, and f o r two d i f f e r e n t magnetisation 
i n c l i n a t i o n s i n the d i r e c t i o n of true north. The pseudo-
g r a v i t y p r o f i l e s show a s t r i k i n g difference between the north-
e a s t and south-west s e c t i o n s . To the north-east, the p o s i t i v e 
anomaly X on the g r a v i t y p r o f i l e ( f i g . 4.18) i s reproduced 
quite a c c u r a t e l y on the pseudo-gravity p r o f i l e ( f i g . 4.19) 
with the exception that s l i g h t phase discrepancies e x i s t and 
that the pseudo-gravity p r o f i l e does not quite match the 
steep gradients between anomalies X and Y, from high to low. 
However, the general agreement between observed f r e e a i r and 
pseudo-gravity p r o f i l e s i s very c l o s e f o r the s e c t i o n of 
anomalies; X and Y. 
I n c o n t r a s t , the south-western h a l f of l i n e K i s dominated 
by a high amplitude long wavelength component i n the pseudo-
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g r a v i t y p r o f i l e are represented as i n f l e c t i o n s and secondary 
peaks and troughs, superimposed on a broad p o s i t i v e pseudo-
g r a v i t y anomaly. 
The r a t i o of the amplitudes of the two major pseudo-
g r a v i t y anomalies, on l i n e K i s approximately 2 : : 1 , and t h i s 
contrasts? with the s i t u a t i o n on the observed free a i r g r a v i t y 
p r o f i l e , and with that on the i s o s t a t i c anomaly computed from 
the A i r y model of Bott et a l . ( 1 9 7 1 ) . The amplitude r a t i o i s 
not s i g n i f i c a n t l y a f f e c t e d by a change i n the s p e c i f i e d angle 
of i n c l i n a t i o n of the magnetisation vector, as i s shown by the 
two pseudo-gravity p r o f i l e s , of f i g . 4 . 19 - The immediate 
conclusion to be drawn from the pseudo-gravity p r o f i l e s of 
l i n e K i s that a r e l a t i o n does e x i s t between gr a v i t y and 
magnetic anomalies, but that t h i s i s obscured i n part by a 
long wavelength e f f e c t i v e change i n the value of the r a t i o p/J. 
The NW - SE s e i s m i c r e f r a c t i o n l i n e 69/2 of Bott et a l . 
(1971) c r o s s e s l i n e K j u s t to the south-west of g r a v i t y high X 
( f i g s . 1 .4 and 1 .5 )« and i n t e r p r e t a t i o n of the seismic data 
i n c l u d e s another step or ridge i n l a y e r 2. Thus, the 
correspondence of i n f l e c t i o n s and peaks i n the pseudo-gravity 
p r o f i l e i s i d e n t i f i e d with topography on the l a y e r 1/layer 2 
i n t e r f a c e . 
G r a v i t y anomaly Y ( f i g . 4.20B) i s an important feature i n 
t h i s correspondence between magnetic and g r a v i t y anomalies. 
Bott et a l . (1971) noted that the steep: g r a v i t y gradients 
between anomalies X and Y n e c e s s i t a t e s that the a s s o c i a t e d 
density c o n t r a s t occurs a t or c l o s e to the sea f l o o r . The 
p l o t of anomalous density i n f i g . 4.20C, as derived from the 
A i r y i s o s t a t i c anomaly and defined by an equivalent l a y e r between 
F i g . k.ZV: L i n e K. 
A: Observed magnetic anomalies based on IGRF. 
B: Observed f r e e a i r g r a v i t y anomaly; dashed l i n e i s 
s a t e l l i t e derived r e g i o n a l of +»20mgal. 
C: I s o s t a t i c anomaly c a l c u l a t e d from A i r y type model 
of Bott e t . a l . (1971). Density d i s t r i b u t i o n i n 
an e q u i v a l e n t l a y e r between 0.5km and 2.5km. 
D: D i s t r i b u t i o n of magnetisation (dotted) and r a t i o 
p / J (histogram) derived from anomalies of A and B. 
E: D i s t r i b u t i o n of r a t i o p / J derived from anomalies 
A and C. 
F: Upper; ' c o r r e c t ' magnetic anomaly p r o f i l e . 
Lower; d i s t r i b u t i o n of magnetisation (dotted) 
and r a t i o p / J (histogram) derived from anomalies 
of B and F. 
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depths of 0.5 and 2.5km, shows that the magnitude of t h i s 
density c o n t r a s t i s 0.5gm/cm . Although t h i s c o n t r a s t would 
seem to be r a t h e r high, confidence i n the value i s provided by 
the i n t e r p r e t a t i o n of seismic r e f r a c t i o n l i n e 69/2 by Bott et 
a l . (197D- The i n t e r s e c t i o n of l i n e K with the north-western 
end of r e f r a c t i o n l i n e 69/2 occurs a t the minimum value for 
fr e e a i r g r a v i t y anomaly Y a t +20mgal. The upper c r u s t a l 
i n t e r p r e t a t i o n a t the north-western end of seismic l i n e 69/2 
i s f o r a t h i c k trough of l a y e r 1 rocks overlying l a y e r 2. 
Layer 1 has been i d e n t i f i e d here to co n s i s t e n t i r e l y of the 1a 
type, of P - v e l o c i t y ~5»2k £ 0.35km/s, and for a seismic model 
containing a 'hidden' l a y e r 3» these low v e l o c i t y rocks are 
contained between depths of 0.5km and 5.32 £ 0.65km (Browitt, 
1971)» or approximately w i t h i n the dimensions of the equivalent 
l a y e r used here. Even for an equivalent l a y e r base a t 3»5kra 
the d e n s i t y c o n t r a s t i s as high as. 0.35gm/cm^. Thus; a density 
c o n t r a s t of the order 0.5gm/cm may be i d e n t i f i e d with the 
l a y e r 1a/layer 2 i n t e r f a c e , and with considerable s i g n i f i c a n c e . 
A l l seismic v e l o c i t i e s on the Iceland-Faeroes Rise (Bott 
et a l . , 1971) show a c o r r e l a t i o n with those of Ic e l a n d (Palmason, 
1970), except that the I c e l a n d i c v e l o c i t i e s are s l i g h t l y lower, 
which may r e f l e c t the younger age. In t h i s context, and i n 
view of the high density c o n t r a s t between l a y e r s 1a and 2, a 
l i t h o l o g i c a l c o r r e l a t i o n may be made between l a y e r 1a on the 
Iceland-Faeroes R i s e and l a y e r 0 i n Ic e l a n d , f o r which 
Palraason (1970) has suggested a density contrast with l a y e r 2 
of 0.2 - 0.7gm/cm . I n I c e l a n d , l a y e r 0 i s r e s t r i c t e d to the 
Neo-volcanic Zone, and i s composed of t h i n l a v a flows, v o l c a n i c 
b r e c c i a s and t u f f s , of maximum thickness 1.5km. Thus, the 
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l a y e r 1a trough of Bott et a l . (1971) appears to be a wholly 
T e r t i a r y l i t h o l o g i c a l equivalent of the Neo-volcanic Zone i n 
I c e l a n d . A p y r o c l a s t i c source s t r u c t u r e was a l s o suggested, 
to e x p l a i n the high wavenumber magnetic anomalies i n a s s o c i a t i o n 
with the f r e e a i r g r a v i t y trough, by Dr. U. F l e i s c h e r of 
Deutsches Hydrographisches I n s t i t u t (personal communication, 
1 9 6 9 ) . 
An equivalence i n o v e r a l l s t r u c t u r e of the^Iceland-Faeroes 
R i s e to I c e l a n d was concluded by Bott et a l . (1971)» with a 
p o s s i b l y t h i c k e r c r u s t f o r the former. A greater t o t a l 
c r u s t a l t h i c k n e s s , and a t h i c k e r zone of low-velocity p y r o c l a s t i c s 
may i n d i c a t e t h a t , whatever the mechanism responsible for the 
igneous a c t i v i t y on I c e l a n d , the Iceland-Faeroes R i s e 
r e p r e s e n t s an equivalent s t r u c t u r e , i n a s s o c i a t i o n with which, 
the a c t i v i t y was more i n t e n s e , or reached a more advanced 
stage i n development than th a t observed i n present day I c e l a n d . 
The long wavelength e f f e c t . 
The long wavelength e f f e c t that obscures the g r a v i t y and 
magnetics correspondence i n the pseudo-gravity p r o f i l e for 
l i n e K ( f i g . 4 . 1 9 ) i s evident i n the plot of magnetic anomalies 
based on the IGRF ( f i g . 4.20A). The d r a s t i c e f f e c t of t h i s 
component on the d i s t r i b u t i o n of magnetisation i n an equivalent 
l a y e r i s shown i n f i g . 4.20D, where the i n t e n s i t i e s a s s o c i a t e d 
with the south-western f l a n k i n g magnetic high are dominant. 
The sharply peaked s e c t i o n s of the two p / j d i s t r i b u t i o n s 
( f i g s . 4.20D and 4.20E) correspond i n p o s i t i o n with gradient 
d i s c r e p a n c i e s and s l i g h t phase d i s c r e p a n c i e s , a t low anomaly 
v a l u e s , i n the correspondence of the free a i r and pseudo-
g r a v i t y p r o f i l e s ( f i g . 4 . 1 9 ) . 
To estimate the magnitude of the e f f e c t of the long 
wavelength magnetic anomaly component on the d i s t r i b u t i o n s of 
magnetisation and p/J, a 'corrected' magnetic anomaly p r o f i l e 
was prepared. The anomaly p r o f i l e of F i g . 4.20A was used, 
and the 1GRF background f i e l d was r e t a i n e d from Okm to 180km; 
from 280km to the north-eastern end of the p r o f i l e , a back-
ground f i e l d 200 gamma lower than the IGRF was s p e c i f i e d , or 
lower by the estimated amplitude of the d i s t u r b i n g long 
wavelength component. Continuity between the two background 
l e v e l s was obtained by use of a cosine taper over the 
i n t e r v e n i n g 100km. The 'corrected' anomaly p r o f i l e i s shown 
i n f i g . 4.20F. Although t h i s i s a somewhat a r b i t r a r y construction, 
i t may be seen th a t i n the 'corrected' d i s t r i b u t i o n s , the 
i n t e n s i t y of magnetisation i s approximately equal for both 
l a r g e f l a n k i n g highs, a condition that i s suggested by the 
density d i s t r i b u t i o n ( f i g . 4.20C) f o r a s t r i c t correspondence 
between g r a v i t y and magnetic anomalies. I n addition, the sharp 
peak i n the p/J d i s t r i b u t i o n i s much reduced. 
A t e n t a t i v e conclusion drawn from the r e s u l t s of t h i s 
approximate t e s t , i s that the e f f e c t i v e change i n p/J that i s 
evident on the pseudo-gravity p r o f i l e ( f i g . 4 . 19 ) i s due to 
a long wavelength change i n magnetisation, rather than to 
major changes i n depth or t h i c k n e s s of the p r i n c i p a l source 
l a y e r s . T h i s conclusion i s supported by the r e s u l t s of f o u r i e r 
a n a l y s i s . 
Energy s p e c t r a and amplitude spectra were computed d i r e c t l y 
f o r two p a r t l y overlapping s e c t i o n s of the magnetic anomaly 
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p r o f i l e of l i n e K. Each s e c t i o n contained one of the two 
major f l a n k i n g anomalies plus the c e n t r a l region of high 
wavenumber anomalies. The graphs i n f i g . 4 .21 provide a 
q u a l i t a t i v e and semi-quantitative assessment of the source 
depth d i s t r i b u t i o n . The upper graph of f i g . 4 . 21 shows a 
l o g - p l o t of the energy s p e c t r a . According to Spector and Grant 
( 1 9 7 0 ) , the depth to the source of a band of magnetic anomaly 
wavenumbers v a r i e s with wavenumber and as the gradient of the 
l o g - p l o t energy spectrum. The p l o t for the north-eastern 
anomaly s e c t i o n ( f i g . 4 . 2 1 ) appears to have a steeper gradient 
f o r lower wavenumbers than th a t for the south-western s e c t i o n . 
T h i s may i n d i c a t e the onset of sediment on the eastern p a r t s 
of the Iceland-Faeroes R i s e (Jones et a l . , 197Q)1 but both 
lo g - p l o t energy s p e c t r a are r a t h e r f l a t and imply that there 
are s i g n i f i c a n t energy cont r i b u t i o n s which are not r e l a t e d to 
d i f f e r e n c e s i n source depth. 
The two-layer upper c r u s t a l s t r u c t u r e for the I c e l a n d -
Faeroes R i s e (Bott et a l . , 1971) makes the use of f o u r i e r 
s p e c t r a r a t h e r dangerous i n depth of source analyses when both 
l a y e r 1 and l a y e r 2 contribute s i g n i f i c a n t l y to the observed 
magnetic f i e l d . T h i s consideration a p p l i e s to the energy 
s p e c t r a and to the p l o t of depth d i f f e r e n c e s ( f i g . 4 .2@) , 
c a l c u l a t e d from the amplitude s p e c t r a of the two anomaly s e c t i o n s 
of l i n e K, by the method described i n appendix G. However, the 
main feature of the depth-difference plot ( f i g . 4.2@) i s the 
d i s c o n t i n u i t y a t lower wavenumbers, which i s considered to be 
caused by the i n f l u e n c e of a long wavelength magnetisation 
change which i s not r e l a t e d to changes i n topography. The 
same feature i s represented by coincidence for the two anomaly 
to9e(E) ENERGY SPECTRA UNE K 
20. + ' t 
+ , + S W profile 
+ + + + • NE profile 
. + + + + 
+ + + 4 , 
* ' ' ' + 4 + + 
. + + + + + + + + 
ho • • • • . 
J£ 0[2 0J3 04 
AMPLITUDE SPECTRAL DEPTH DIFFERENCE 
iHTe~^sw> r2-0km 
cycles.krrr 
^ ' ' • 1° • . , • *> . 
. . wave number kmr' 
Fig 4.21 Line K: spectral analysis(see t e x t ) . 
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s e c t i o n s a t low wavenumbers on' the log-plot energy s p e c t r a . 
Thus, there are i n d i c a t i o n s of a long wavelength change 
i n magnetisation on l i n e K that i s independent of topography 
and l i t h o l o g y . 
4 . 2 . 2 I n t e r p r e t a t i o n of data from l i n e C. 
Line C i s of NW - SE trend ( f i g . 1 . 4 ) , and g r a v i t y , magnetic 
and bathymetric p r o f i l e s are shown i n f i g . 4 . 2 2 . A long 
wavelength component i n the g r a v i t y p r o f i l e s has been a t t r i b u t e d 
by Bott et a l . ( 1 9 7 D to a change i n depth to l a y e r 3 , from 
about ?km north-west of 130km ( f i g . 4 .22 ) to about 12km i n the 
south-east. L o c a l g r a v i t y anomalies are presumably r e l a t e d to 
d i f f e r e n c e s i n l i t h o l o g y a t the sea f l o o r , such as represented 
by sediment, l a y e r 1 a , l a y e r 1b and l a y e r 2 . 
A pseudo-gravity anomaly p r o f i l e was computed from the 
IGEF r e s i d u a l magnetic anomalies, and i s shown together with 
the f r e e a i r anomaly i n f i g . 4 . 2 3 . The pseudo-gravity 
anomaly shows wide v a r i a t i o n i n the value of the r a t i o J(/p; i n 
view of t h i s , and of the v a r i a b i l i t y and complexity of upper 
c r u s t a l s t r u c t u r e , a q u a l i t a t i v e c o r r e l a t i o n was made of the 
pseudo-gravity p r o f i l e with the observed free a i r p r o f i l e . 
C o r r e l a t i o n was based on phase r e l a t i o n s and amplitude p o l a r i t y 
with r e s p e c t to the l o c a l background f i e l d . I n f i g . 4 . 2 3 , 
the d i g i t ' 1 ' denotes in-phase c o r r e l a t i o n , and the d i g i t ' 0 ' 
denotes anti-phase c o r r e l a t i o n . There are two s e t s of 
c o r r e l a t i o n i n f i g . 4 . 2 3 ; the lower one i s based on broad 
f e a t u r e s and groups of anomalies, while the upper c o r r e l a t i o n 
i s more d e t a i l e d and i n c l u d e s some i n f l e c t i o n s as w e l l as peaks 
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and troughs, but i s somewhat more uncertain. 
I t i s considered that the a l t e r n a t i n g bands of in-phase 
and anti-phase c o r r e l a t i o n s must i n part represent magnetisation 
changes that are independent of l i t h o l o g y and topography. These 
changes are a l s o i d e n t i f i e d with the very long wavelength 
magnetic anomaly component on l i n e K, and thus the s t r i k e of 
the magnetisation changes i s s u b p a r a l l e l to the trend of l i n e 
K, or approximately NE - SW. T h i s i s a l s o the trend of magnetic 
anomalies i n the north-eastern s e c t i o n of the d e t a i l e d survey 
a r e a ( f i g . 2 . 4 ) , and approximately that of the Raff-Mason 
type anomalies south of I c e l a n d that are a s s o c i a t e d with sea-
f l o o r spreading from the Reykjanes Ridge. 
Thus, the magnetic anomaly f i e l d of the Iceland-Faeroes 
Rise, may contain c o n t r i b u t i o n s from HE - SW zones of magnetisation, 
each of which r e f l e c t the ambient geomagnetic f i e l d a t the time 
of formation of that part of the c r u s t . T h i s conclusion supports 
the conclusion of Bott et a l . (1971) that the Iceland-Faeroes 
R i s e was formed by s e a - f l o o r spreading, a l b e i t of an anomalous 
type. 
4 . 2 . 3 Conclusions. 
a) The magnetic anomaly f i e l d on NE - SW p r o f i l e s i s 
c o n t r o l l e d mainly by the l a y e r 1/layer 2 i n t e r f a c e . 
b) A t h i c k trough of low P - v e l o c i t y v o l c a n i c rocks, 
s i m i l a r i n l i t h o l o g y to l a y e r 0 of the Neo-volcanic Zone i n 
I c e l a n d , i s present on the c r e s t of the Iceland-Faeroes R i s e , 
and i s of N - S or NNW - SSE s t r i k e d i r e c t i o n . 
c) NE - SW zones of remanent magnetisation may e x i s t 
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as i n d i c a t i v e of an anomalous type of s e a - f l o o r spreading, 
by which process the Iceland-Faeroes Rise was formed. 
k,J> General d i s c u s s i o n and recommendations. 
The Iceland-Faeroes R i s e i s almost c e r t a i n l y younger than 
the b a s a l t formation of the Faeroe I s l a n d . T h i s i s supported 
i n d i r e c t l y by a r e c o n s t r u c t i o n of the p r e - d r i f t c ontinental 
f i t between Greenland and Europe, including the Faeroe I s l a n d s 
(Bott and Watts, 1970b). The considerable q u a n t i t i e s of 
p o s i t i v e magnetisation i n the i n t e r p r e t a t i o n s of t h i s work 
d i f f e r e n t i a t e the Iceland-Faeroes Rise from the b a s a l t p i l e 
of the Faeroe I s l a n d s , which i s considered to be mainly of 
r e v e r s e d magnetisation (Abrahamsen, 1967; T a r l i n g and Gale, 1968). 
I f the NE - SW zones of magnetisation changes are c l o s e l y 
a s s o c i a t e d with an anomalous type of sea-floor spreading, 
then t h i s process would appear to have taken place i n a d i r e c t i o n 
a t a s i g n i f i c a n t angle to the s t r u c t u r a l trend of the upper 
c r u s t , as defined by the e a s t e r n margin of the regional high 
( f i g . 2.4) and the main trend of aeromagnetic anomalies ( f i g . 1.3) 
I n the formation of c r u s t a l u n i t s of N - S trend, i n chronological 
u n i t s of NE - SW trend, NW - SE f r a c t u r e s which p a r a l l e l the 
Faeroes f j o r d system, and which might be represented i n the 
d e t a i l e d survey area by low k ( f i g s . 2.3 and 2.4), could have 
played a s i g n i f i c a n t r o l e . Hald et a l . (1969) concluded that 
the t h i c k Kakksvik flow i n the Faeroes was b u i l t up i n u n i t s 
produced from i n d i v i d u a l c entres of a c t i v i t y on NW - SE f i s s u r e s 
a t d i f f e r e n t times. However, the extent and s i g n i f i c a n c e of the 
NW - SE f r a c t u r e s remains u n c e r t a i n , both i n I c e l a n d and the 
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Faeroe I s l a n d s . 
I f the trough of low P - v e l o c i t y v o l c a n i c rocks on the 
Iceland-Faeroes R i s e i s a true T e r t i a r y equivalent of the 
Neo-volcanic Zone i n I c e l a n d , then there are s e r i o u s d i f f i c u l t i e s 
i n the hypothesis of a continuous spreading r e l a t i o n between the 
two (Bott et a l . , 1 9 7 1 ) . The presence of such a feature i s 
i n d i c a t i v e of a t l e a s t one major d i s c o n t i n u i t y of spreading 
i n the area, a f t e r which the a x i s of a c t i v i t y migrated to the 
s i t e of present day I c e l a n d . T h i s major d i s c o n t i n u i t y may 
have been a s s o c i a t e d with the migration of the spreading axis, 
i n the north, from the east side to the west side of the 
South Jan Mayen Ridge (Vogt et a l . , 1 9 7 0 ) . 
At the northern end of the Iceland-Faeroes R i s e , the 
aeromagnetic map ( f i g . 1 .3) shows that the short wavelength 
magnetic anomalies, except those on the I c e l a n d i c s h e l f area, 
are a s s o c i a t e d with an apparent northward continuation to the 
e a s t of the a s e i s m i c South Jan Mayen Ridge. These l a t i t u d e s , 
at 64°N and 65°N, have been a s s o c i a t e d with major E - W 
transform f a u l t s i n I c e l a n d (Ward et a l . , 1969; Sigurdsson, 
1 9 7 0 ) . The whole l a t e r a l ridge system, from Greenland to 
Scotland, i s probably constructed on a number of such f a u l t s , 
many of which may have l o s t t h e i r former function. 
G e n e r a l l y , the u n c e r t a i n t y i n the present i n t e r p r e t a t i o n s 
i s due to a l a c k of c o n t r o l and supporting data, and the following 
i n v e s t i g a t i o n s are recommended: 
a) D e t a i l e d g r a v i t y , magnetic and seismic measurements 
i n the Greenland-Iceland region. 
b) I n v e s t i g a t i o n of the region of junction of I c e l a n d 
with the Iceland-Faeroes Rise by g r a v i t y , seismic r e f l e c t i o n 
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and r e f r a c t i o n methods. 
c) I n v e s t i g a t i o n s of the proposed E - W transform 
f a u l t s easthand south-east of I c e l a n d , i n c l u d i n g a bathymetric 
feature which c r o s s e s the whole area i n f i g . 1.4 a t 63°N, and 
i s approximately of WNW - ESE trend. 
d) I n v e s t i g a t i o n of the a r e a l extent of T e r t i a r y 
igneous a c t i v i t y between western B r i t a i n and the W y v i l l e -
Thompson Ridge. 
e) T h e o r e t i c a l s t u d i e s on s t r e s s and p l a s t i c flow 
conditions a t the base of the thickened c r u s t beneath mountain 
ch a i n s , when these are cut obliquely by developing oceans. 
The Caledonian Front c r o s s e s the break i n slope a t the continental 
edge on the l a t i t u d e of the Faeroes i n the p r e - d r i f t r e c o n s t r u c t i o n 
of Bott and Watts ( 1 9 7 0 b ) . 
- 130 -
CHAPTER FIVE 
GRAVITY AND MAGNETIC ANOMALIES OF THE SCOTTISH 
CONTINENTAL SHELF AREA 
This chapter deals with data c o l l e c t e d by the Durham group 
during geophysical surveys i n 1967, 1968 and 1970. A l l anomaly 
p r o f i l e s described i n t h i s chapter have been presented previously 
by other authors, but they provide further t e s t i n g of the j o i n t 
a n a l y s i s programs with r e a l data i n the l i g h t of e x i s t i n g 
i n t e r p r e t a t i o n s . 
5.1 The Faeroes-Shetland Channel 
The Faeroes-Shetland Channel i s a NE - SW region of deep 
water, average depth 900-1000 metres, which separates the 
Hebridean-Shetland c o n t i n e n t a l s h e l f from the Faeroes ' s h e l f 
a r e a ( f i g 1.1). On the aeromagnetic map (Avery et a l . , 1968), 
the Faeroes-Shetland Channel i s c h a r a c t e r i s e d by broad magnetic 
anomalies of general s t r i k e d i r e c t i o n p a r a l l e l to the bathymetric 
t r e n d . 
The measured g r a v i t y , magnetic and bathymetric p r o f i l e s 
shown i n f i g 5.1 have been presented and discussed by Bott and 
Watts (1970b). These authors i n t e r p r e t e d the re g i o n a l high 
Bouguer g r a v i t y values over the centre of the Faeroes-Shetland 
Channel as caused by c r u s t a l thinning to 19km, or by about 6km 
r e l a t i v e to the thickness of the c r u s t beneath the s h e l f areas 
on both s i d e s . 
An i n v e s t i g a t i o n of the r e l a t i o n between gravity and 
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magnetic anomalies over the Faeroes-Shetland Channel should 
a s s i s t i n determining the o r i g i n of t h i s f e a t u r e . I f the 
magnetic anomalies show a s i g n i f i c a n t independence of the l o c a l 
g r a v i t y anomalies the i n t e r p r e t a t i o n may be that the former 
r e f l e c t changes i n i n t e n s i t y of magnetisation only, which are 
unrelated to l a t e r a l density changes; i n t h i s case, the 
Faeroes-Shetland Channel may be of oceanic o r i g i n , with a 
formation due to s e a - f l o o r spreading from an a x i s that ceased 
a c t i v i t y or migrated soon a f t e r i t s i n i t i a l development. The 
c r u s t a l t h i c k n e s s (Bott and Watts, 1970b) suggests that i f 
spreading did take p l a c e , i t was anomalous i n character, such 
as t h a t responsible f o r the Iceland-Faeroes R i s e (Bott et a l . , 
1971). Bidston (1970) made a study of the magnetic anomalies 
i n the Faeroes-Shetland Channel, and concluded that the basement 
could be compared to that of adjacent continental areas. 
I n the present study, program TR/MG was used to produce 
a pseudo-gravity anomaly from the observed magnetic anomaly 
( f i g 5»1)» The anomaly p r o f i l e s of f i g 5«1 are not i d e a l f o r 
t h i s purpose as they do not include s i g n i f i c a n t l o c a l g r a v i t y 
and magnetic anomalies which are present i n the data of the more 
no r t h e r l y Durham t r a v e r s e s a c r o s s the Faeroes-Shetland Channel. 
Unfortunately, magnetic data from the other t r a v e r s e s were not 
a v a i l a b l e , and the present study i s rather l i m i t e d due to the 
low amplitude of l o c a l anomalies on the p r o f i l e s i n f i g 5.1 
Both types of anomaly are a f f e c t e d by sediment d i s t r i b u t i o n ; 
the short wavelength components i n the observed magnetic anomaly 
are attenuated on the Faeroes ' s h e l f as the b a s a l t i c basement 
dips south-east beneath a thickening wedge of sediment from 
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point X i n f i g 5.1 (Bott and Watts, 1970b). Thick sediment 
i s a l s o present on the Hebridean c o n t i n e n t a l slope ( S t r i d e et 
a l . , 1969). I n the centre of the Channel, sediment thickness 
i s u n c e r t a i n . 
As the observed magnetic anomaly i s predominantly of 
negative s i g n r e l a t i v e to the IGRF, and p a r t i c u l a r l y for the 
long wavelength components, the unsealed pseudo-gravity 
anomaly i s wholly negative ( f i g 5.1). Close i n s p e c t i o n r e v e a l s 
that l o c a l f e a t u r e s on the pseudo-gravity p r o f i l e mjrror image 
s i m i l a r f e a t u r e s on the observed f r e e - a i r and Bouguer g r a v i t y 
p r o f i l e ; these are i n d i c a t e d by arrow i n f i g 5«1« Thus, the 
pseudo-gravity anomaly i n d i c a t e s that topography on a 
n e g a t i v e l y magnetised basement i s the major source of magnetic 
anomalies on t h i s p r o f i l e a c r o s s the Faeroes-Shetland Channel, 
and i n t h i s r e s p e c t , the r e s u l t s here are evidence i n support 
of Bidston (1970). 
Magnetic anomaly 'S' ( f i g 5*1) produces a large pseudo-
g r a v i t y anomaly, but i s not represented on the observed f r e e -
a i r g r a v i t y p r o f i l e , and thus the density contrast a s s o c i a t e d 
with t h i s change i n magnetisation must be very s m a l l . I f a 
sm a l l depression of 2-3mgal i n the observed f r e e - a i r g r a v i t y 
f i e l d i s assumed to be the g r a v i t a t i o n a l expression of magnetic 
anomaly S, then a minimum value f o r J/p i s -0.1, i n contrast 
to approximately -0.005 f o r other features on the p r o f i l e . 
Magnetic anomaly S may have chronological s i g n i f i c a n c e , e i t h e r 
as the magnetisation c o n t r a s t between rock s u i t e s of d i f f e r e n t 
ages on the inner and outer s e c t i o n s of the Faeroes s h e l f , or 
as a small l o c a l i n t r u s i o n i n the basement. The evidence here 
i s l i m i t e d , but i n view of the high value J/p, i t i s 
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c e r t a i n that the magnetisation contrast i s not associated with 
a rock type that d i f f e r s s i g n i f i c a n t l y ^ from that of the main 
basement on the Faeroes s h e l f . 
Although f u l l data for other t r a v e r s e s were not a v a i l a b l e , 
a fragment from the adjacent p r o f i l e to the north was obtained. 
T h i s magnetic data includes one of the prominant l o c a l anomalies 
that are present on three of the f i v e Durham t r a v e r s e s across 
the Faeroe-Shetland Channel. T h i s anomaly and i t s pseudo-
g r a v i t y transformation are shown i n f i g 5«2 together with a 
copy of the small s c a l e plot of the whole p r o f i l e , taken from 
Watts (1970). D e t a i l e d g r a v i t y data was not a v a i l a b l e , but i t 
can be seen that although the pseudo-gravity anomaly i s of the 
same width as the observed l o c a l Bouguer anomaly, i t does not 
match the flat-topped shape of the l a t t e r . Thus, i t seems that 
g r a v i t y and magnetic sources are not s t r i c t l y coincident for 
t h i s f e a t u r e . For an estimated l o c a l g r a v i t y amplitude of 
30 - A-Oragal, the J/p r a t i o value i s approximately +0.007, and 
t h i s p o s i t i v e c o r r e l a t i o n of density and magnetisation d i f f e r s 
from the negative c o r r e l a t i o n f o r the more southerly p r o f i l e 
( f i g 5.1). 
The l i m i t e d evidence from the a v a i l a b l e data does not 
permit any firm conclusion^, bub i l i s l i k e l y that the Faero&s-
Sliallmid Channel i s u n d e r l a i n by rocks of nnvoral agcix. A 
c o n t i n e n t a l or oceanic o r i g i n i s not resolved. 
5.2 The Hebridean-Shetland S h e l f gravity high 'A' 
The g r a v i t y map of the Bebridean-Shetland continental 
s h e l f region, presented by Bott and Watts (1970b), shows a 
l a r g e g r a v i t y high of NE - SW or NNE - SSW trend, west of the 
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Shetland I s l a n d s , and which meets the 100 fathom bathymetric 
contour at an angle of 10-15° north of the Shetlands. The 
anomaly i s kOkta to 50km wide and was int e r p r e t e d as caused by 
the presence of high density Lewisian basement rocks outcropping 
at the sea f l o o r (Bott and Watts, 1970b), s i m i l a r i n properties 
to the pyroxene granulifces of Scourie on the mainland of north-
west Scotland (Watts, 1970). 
Gravity and magnetic p r o f i l e s across t h i s feature, high 'A', 
are shown i n f i g s 5.3 and 5»^« The magnetic f i e l d i s 
p a r t i c u l a r l y a c t i v e over high 'A' and behaves i n a s p e c i a l way; 
the r a p i d attenuation of magnetic anomalies away from gr a v i t y 
maxima, p a r t i c u l a r l y on the more nort h e r l y traverse ( f i g 5«^)» 
and the general predominance of short wavelength components 
i n d i c a t e that the d i s t r i b u t i o n of magnetisation i s confined to 
the uppermost s e c t i o n s of the body causing the g r a v i t y anomaly, 
or a l t e r n a t i v e l y , that the magnetic anomalies are caused by 
'bfaipy v e r t i c a l s t r i p s of moderately high i n t e n s i t y or magnetisation 
w i t h i n a main s t r u c t u r e of l e s s e r magnetisation. I n e i t h e r case, 
the g e o l o g i c a l s i t u a t i o n i s unusual i n continental t e r r a i n . 
The t h i n v e r t i c a l s t r i p i n t e r p r e t a t i o n was adopted f or further 
study as t h i s i s convenient for methods based on the l i n e a r 
i n v e r s e technique. On both p r o f i l e s ( f i g s 5*3 and 5»^)i there 
i s a s u b s i d i a r y g r a v i t y high to the west of the main high 'A*, 
from which i t i s separated by low E, one of the postulated s h e l f 
sedimentary basins (Bott and Watts, 1970a). Low 'E' has been 
i n t e r p r e t e d as a basin extending to a maximum depth of 
approximately 5km (Watts, 1970), and t h i s depth was used as the 




















Pig* G r a v i t y high A. 
A: Observed g r a v i t y and magnetic anomalies. 
B: Density d i s t r i b u t i o n . 
C: D i s t r i b u t i o n of J/p v a l u e s ; values between dashed 
v e r t i c a l l i n e s , except those c i r c l e d , used i n 
f i t t i n g a second order polynomial by l e a s t squares. 
D: J/p polynomial v a l u e s ; topographic component. 
E: Values of magnetisation corresponding to polynomial 
d i s t r i b u t i o n of J/p. 
F: R e s i d u a l d i s t r i b u t i o n of magnetisation, non -
topographic component. 































Program SBETA was used to obtain the angle of magnetisation 
from the p r o f i l e s i n f i g 5.3, assuming a s i n g l e value of J/p 
f o r the whole s t r u c t u r e . An average magnetisation i n c l i n a t i o n 
of 80° was obtained i n a s s o c i a t i o n with an average value of 
Q.OOA- for J/p. I f the d i r e c t i o n of magnetisation i s that of 
true north, then the i n c l i n a t i o n i n t h i s d i r e c t i o n i s 
approximately 77°, or c l o s e to the 7k0 i n c l i n a t i o n of the 
present earth's f i e l d west of Shetland. This angle was used 
i n f u r t h e r computations. 
The Bouguer g r a v i t y anomaly p r o f i l e i n f i g 5.k i s based 
on a background f i e l d that approximately produces only p o s i t i v e 
anomalies and i s assumed to r e f l e c t l a t e r a l v a r i a t i o n s i n 
d e n s i t y above the 5km base l e v e l of the postulated sedimentary 
b a s i n beneath low E. 
There i s considerable o s c i l l a t i o n i n the J/p values over 
s e c t i o n s of low anomaly amplitudes ( f i g 5-^C), but the 
d i s t r i b u t i o n i s r e l a t i v e l y s t a b l e over high A and the s u b s i d i a r y 
g r a v i t y high to the west, high R. The J/p r a t i o value for high 
A l i e s i n the range 0.001-0.002 for the bulk of the s t r u c t u r e , 
and i s approximately 0.005 for high R. I n t e n s i t i e s of 
magnetisation, computed from these values and the a s s o c i a t e d 
d e n s i t y values ( f i g 5'^B), are O.OOIcgs for high R, and i n 
the range 0.005 - O.OOIcgs for the main part of high A. Thus, 
high A and high R may be caused by ridges of the same rock 
•fcype» but at a greater depth beneath the l a t t e r anomaly. I n 
the same way, the more highly magnetic s e c t i o n s of high A are 
a s s o c i a t e d with p o s i t i v e and negative J/p r a t i o values of at 
l e a s t 0.008, and the i n t e n s i t y of magnetisation i s c a l c u l a t e d 
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at 0.005cgs. Thus, i f the high amplitude, short wavelength 
magnetic anomaly over g r a v i t y high A ( f i g 5.^A) i s due to 
narrow zones of higher i n t e n s i t y of magnetisation, t h i s i s 
approximately f i v e times that of the i n t e n s i t y of the main 
s t r u c t u r e . 
An a d d i t i o n a l estimate of the r e l a t i v e i n t e n s i t i e s of 
magnetisation w i t h i n the s t r u c t u r e causing high A was made by 
an automated method. I t was noted i n chapter three that the 
equivalent l a y e r d i s t r i b u t i o n of J/p for simple bodies such as 
that i n f i g s J>.& and 3»9 could be approximated quite accurately 
by the f i t of a second order polynomial. I n the present case, 
a polynomial was f i t t e d to the J/p values between the dashed 
v e r t i c a l l i n e s i n f i g 5»^C, but excluding the c i r c l e d values. 
The J/p polynomial values are shown i n f i g and the 
corresponding magnetisation values are shown i n f i g 5»^E. I f 
these d i s t r i b u t i o n s are assumed to r e f l e c t the e f f e c t s of 
topography that i s not represented i n the equivalent l a y e r , 
then the r e s i d u a l d i s t r i b u t i o n of magnetisation ( f i g 5»kF) 
contains the e x t r a i n t e n s i t i e s which are not r e l a t e d to l a t e r a l 
v a r i a t i o n s i n d e nsity. Here, the r e s i d u a l magnetisations are 
of the order ± 0.003cgs; t h i s i s probably a minimum value as 
the d i s t r i b u t i o n s of J/p and p/J tend to f l a t t e n over the 
region of the true body ( f i g s 3*6 and 3«7)» 
Thus, the sources of short wavelength magnetic anomalies 
i n f i g s are from two to f i v e times as magnetic as the 
main s t r u c t u r e of high A. 
A f e a s i b l e geological explanation of t h i s s i t u a t i o n , 
w i t h i n the general metamorphic concept for high A, i s d i f f i c u l t . 
A p o s s i b i l i t y i s that the higher magnetisations are a s s o c i a t e d 
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with small l e n s e s of b a s i c and u l t r a b a s i c ortho-gneiss at a 
high l e v e l i n the basement, as have been recognised i n north-
west Scotland (Phemister, 1960). 
5»3 G r a v i t y low ' F 1 , south-west of Shetland. 
I n J u l y , 1970, as part of a geophysical survey conducted 
by the Durham group from RRS John Murray, a study was made of 
an area immediately south-west of the main i s l a n d of Shetland. 
Seismic r e f r a c t i o n and r e f l e c t i o n l i n e s , and g r a v i t y and 
magnetic measurements were made i n the region of a NNE - SSW 
g r a v i t y low, low 'F', south of the Walls Peninsula, and west 
of the Walls Boundary F a u l t and the Dunrossness Peninsula. 
The g r a v i t y low has been presented previously (Bott and Watts, 
1970b), and with i n t e r p r e t a t i o n (Browitt, 1971). 
West of the N - S Walls Boundary F a u l t , on the main 
i s l a n d of Shetland, g r a n i t e sheets and d i o r i t e intrude a 
syhform of Old Red Sandstone Rocks on the Walls Peninsula, 
and according to F i n l a y (1930) the whole Walls Peninsula 
complex i s underlain by g r a n i t e , grading downwards into gabbro. 
McQuillin and Brooks (19&7) suggest, on the b a s i s of gravity 
and magnetic data, that the Walls Boundary F a u l t i s a major 
t e a r f a u l t . 
E a s t of the Walls Boundary F a u l t , and west of the sub-
p a r a l l e l Whalsey-Clift Sound D i s l o c a t i o n , i s a region of 
s c h i s t s , migmatites and gneisses, while further south-east 
on the Dunrossness Peninsula, the predominant rock type i s 
p h y l l i t e , with Old Red Sandstone and granite. 
Thus, the southern part of Shetland i s composed of these 
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three g e o l o g i c a l u n i t s i n N - S or NNE - SSW zones. 
The data from a p a r t l y reversed seismic r e f r a c t i o n l i n e , 
recorded along the s t r i k e of the NNE - SSW g r a v i t y low, have 
been i n t e r p r e t e d by Browitt (1971) i n terms of a l a y e r of 
th i c k n e s s 1.2km, underlain by m a t e r i a l with a P- v e l o c i t y of 
l a y e r as a basin of Permian and post-Permian sediments, and 
the lower l a y e r was considered to be consistent with granite 
containing blocks of Old Red Sandstone, or an extrapolation 
of the exposed geology of the Walls Peninsula. 
The seismic r e f r a c t i o n i n t e r p r e t a t i o n i s s i m i l a r to that 
i n f e r r e d from sei s m i c r e f l e c t i o n ( f i g 5-5B), g r a v i t y and 
magnetic data ( f i g 5»5)> c o l l e c t e d on an E - W l i n e perpendicular 
to the trend of g r a v i t y low, between coordinates 59°^8'N, 
00°57'w and 590^6'N, 02°16'W, and passing about 10km south of 
Sumburgh Head at i t s eastern end. The notation on t h e - s e i s m i c 
r e f l e c t i o n summary i s that of Browitt (1971)J and used 'sed* 
f o r s e c t i o n s of the record that show continuous sedimentary 
l a y e r i n g , 'base 1 for a s t r u c t u r e l e s s r e f l e c t o r which presumably 
r e p r e s e n t s basement outcrop and ' i n t ' for s e c t i o n s of the 
record which show i n t e r m i t t e n t l a y e r i n g w i t h i n m a t e r i a l with 
basement f e a t u r e s . The category ' i n t ' was considered by 
Browitt to represent blocks of sedimentary s t r a t a surrounded by 
g r a n i t e . The zone of apparent v e r t i c a l banding, denoted by 
•m' was considered by the same author to be the mylonitised 
zone of the southward continuation of the Walls Boundary F a u l t . 
The density model ( f i g 5«5D) i s a l s o due to Browitt who 
a t t r i b u t e d the s u b s i d i a r y g r a v i t y low i n the east to a basin of 
5.1bkm/s i Browitt's i n t e r p r e t a t i o n idenf-itifee^ the upper 
F i g . 5.5. South-west Shetland. 
A: Observed g r a v i t y and magnetic anomalies. 
B: Seismic r e f l e c t i o n summary ( a f t e r Browitt, 1971). 
C: Bathymetry. 
D: Density model, i n t e r p r e t a t i o n of the observed 
g r a v i t y anomaly ( a f t e r Browitt, 1971). 
E: Block d i s t r i b u t i o n of density and J/p values 
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Old Red Sandstone rocks. 
F i g 5«5E shows p l o t s of density and J/p w i t h i n an 
equivalent layer extending to a depth of 1.5km, or to the 
depth of the low density basin west of the raylonite zone 
( f i g 5*51)). The character of the J/p p l o t i s s i g n i f i c a n t l y 
d i f f e r e n t on e i t h e r side of the mylonitised zone; to the east 
the J/p d i s t r i b u t i o n varies i n the same way as that of density, 
while t o the west, values of J/p remain very low and are 
independent of density v a r i a t i o n s . There i s no d i s t i n c t i o n 
on the J/p p l o t between seismic r e f l e c t i o n 'sed' and 'base' 
categories west of the rnylonite zone. Thus, i n the absence 
of p r i o r i n t e r p r e t a t i o n s , the conclusion would be reached that 
the mylonite zone separated two geological areas of fundamentally 
d i f f e r e n t basement rocks; the basement to the east might be 
i n t e r p r e t e d as of basic igneous or metamorphic o r i g i n , and 
that t o the west as ancient sediments or, as i n section 4 . 1 . 2 , 
of g r a n i t i c composition. This i s a co n t r o l l e d demonstration 
of how the J/p and density p l o t s can be used f o r a semi-
q u a n t i t a t i v e s t r u c t u r a l i n t e r p r e t a t i o n . Values of density 
depend on the c o n f i g u r a t i o n of the equivalent l a y e r , and the 
general use of J/p values as rock type diagnostic tools depends 
on s u f f i c i e n t use of the method i n areas of good geological 
c o n t r o l to provide a supply of c a l i b r a t i n g values. 
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APPENDIX A 
The computer progaam SPHEL (standard form). 
A marine magnetic data r e d u c t i o n program, w r i t t e n i n 
PL/1 f o r use on the N.U.M.A.C. IBM 360/67. 
Input and d e c l a r a t i o n s t r u c t u r e . 
L, M are the dimensions of arrays used i n the least-squares 
d e r i v a t i o n o f a r e g i o n a l f i e l d , and are of unspecified at 
t h i s stage. 
BEGIN; L,M are assigned as dimensions of arrays i n 
succeeding d e c l a r a t i o n s . At t h i s stage L, M are s t i l l u nspecified 
but are designated as c o n t r o l l e d (CTL), and are f i x e d a t a 
l a t e r stage. 
LA: counting n a v i g a t i o n f i x e s as read i n . 
L I : reading i n n a v i g a t i o n cards w i t h : 
A ( I ) time as an i n t e g e r day and a decimal f r a c t i o n 
o f a day 
SLA(I) l a t i t u d e . 
SLO(I) l o n g i t u d e . 
WR(I) IGEF a t f i x (SLA(I), SLO(I)). 
L2: t o t a l number of navigation f i x e s . 
L 3 : magnetic data block headings w i t h : 
TD1,, TD2 day number a t s t a r t and f i n i s h of block. 
TH1, TH2 time i n hours a t s t a r t and f i n i s h of block. 
TMi, TM2 time i n minutes at s t a r t and f i n i s h of block. 
LA. reading i n d i g i t i s e d t o t a l f i e l d magnetic data. 
GAM measured t o t a l f i e l d . 
FRAC decimal f r a c t i o n of time d u r a t i o n of block. 
General procedure. 
L 5 , L6, L7, L 8 , L 9 : assignment of geographical coordinates 
and a value of the IGRF to each d i g i t i s e d s t a t i o n p o i n t . The 
assignment i s e f f e c t e d by l i n e a r i n t e r p o l a t i o n to c o r r e l a t e 
the s t a r t and f i n i s h of each data block w i t h the navigation 
f i x r e c o r d , thence each d i g i t i s e d p o i n t i s supplied w i t h 
coordinates by use of the decimal f r a c t i o n of the t o t a l duration 
o f the block. The IGRF i s subtracted from each measured t o t a l 
f i e l d value to produce a r e s i d u a l anomaly. 
L 1 0 : t o t a l number of d i g i t i s e d anomaly values. 
Variables L and M are f i x e d , and the values are a l l o c a t e d to 
dimension the dependent arrays. C a l c u l a t i o n of distances and 
azimuths of anomaly s t a t i o n s by a calXL to subroutine DISAZP. 
L l l : s e t t i n g up arrays f o r least-squares subroutine. 
C a l c u l a t i o n o f a second set of r e s i d u a l anomalies by f i t t i n g 
a l i n e to the measured t o t a l f i e l d data reduced to a base 
l e v e l of 50,000 gamma. Line f i t t e d by a c a l l to the l e a s t -
squares subroutine LLSQ. P r i n t o u t o f data and punched card 
output. 
Subroutine DISAZ. 
DISAZ was w r i t t e n by Hutton ( 1 9 7 0 ) and computes the distance 
and azimuth on the spheroid between two given p o i n t s of l a t i t u d e 
and l o n g i t u d e . The procedure i s based on the for m u l a t i o n given 
i n the Admiralty Manual of Hydrographic Surveying, Vol. 1, 
1965. The f i g u r e of the e a r t h i s taken from that given by 
Hayford (1910). 
Subroutine LLSQ (IBM, 1968). 
A standard subroutine of the IBM. S c i e n t i f i c Subroutine 
Package to obtain the s o l u t i o n of l i n e a r l e a s t - s q u a r e s problems. 
I n g e neral form, a s o l u t i o n i s r e q u i r e d to the system of 
equations defined by 
A K X = B 
where A i s a r e a l m by n matrix of rank n(m > n ) , B i s 
a system of column v e c t o r s of dimension m, and X i s a system 
of column v e c t o r s of dimension m to be determined such that 
the sum of r e s i d u a l s 
// B j - A X j II ~ J 2 ? r± i s a minimum; 
where j = 1 K, the number of column v e c t o r s . 
The g e n e r a l c a l l to LLSQ i s , 
CALL LLSQ (A,B,M,N,L,X,IPIV,.EPSrIER,AUX) 
A (M XN)coefficient matrix, destroyed i n LLSQ. 
B (M x L ) r i g h t hand s i d e matrix, destroyed i n LLSQ. 
X (N x L ) s o l u t i o n matrix. 
I P I V i n t e g e r output v e c t o r of dimension N of ihich the 
l a s t N - K elements denote the u s e l e s s columns of matrix A, 
where K i s the rank of matrix A when found to be l e s s than N 
but ^ y ^ i - ^ T v _4--V,.n.r>_Q , 
EPS input parameter s p e c i f y i n g r e l a t i v e t olerance for 
determination of the rank of matrix A. 
IER e r r o r parameter. 
AUX a u x i l i a r y storage a r r a y of dimension (2 x N, L ) . 
LLSQ i s a F o r t r a n subroutine, and i t s use i n a PL/1 
c a l l i n g program n e c e s s i t a t e s that rows and columns of a r r a y s 
be interchanged to s u i t the F o r t r a n storage mode. 
HEL: PROC OPT IONS(MAIN); 
SPHEL: PROC GPTIQNS(NAIN); 
DCL {L iM ) FIXED BIN(31) ; 
8EGIN; 
DCL {I,J,K,N,COUNT,IC,IW) FIXED BINI31); 
DCL (TD1,TD2,THI,TH2,TM1,TN2> FLOAT; 
DCL (RD,XX,Fl,F2,FRAC,Tl,T2,TT,DLAl,DL01,FRlfRLAl,RL01,DLA2 »DL02, 
F R 2 f R L A 2 t R L C 2 , L A T f L G N t E P S , I £ R»GAM) FLOAT; 
DCL (A,SLO,SLA)(100) FLOAT; 
CCL (GL A,GL0» AUA ) {12CO) FLOAT; 
DCL (ANCN,AC,X)(L) CTL; 
DCL (AR(M,L) ,S(K) ,XPIV(M),AUX(2*M)) CTL; 
DCL (DWRl,DWR2iRWRlfRWR2|WWR) FLOAT; 
DCL GRRU200) FLOAT; 
DCL WR(IOO); 
DCL IN FIXED BIN(31) ; 
CCL NAME CHAR(25); 
DCL (ANY) FILE OUTPUT STREAM; 
GET LI ST(NAME); 
1 = 0 ; 
LA: 1 = 1+1; 
Ll:GET L I S T ( A ( I ) , S L A ( I ) , S L O ( I ) , W R ( I ) ) ; 
IF A( I )<0 THEN GO TO L2; 
ELSE DO; 
PUT SKIP L I S T ( A ( I ) , S L A ( I ) , S L O ( I ) t W R ( I ) ) ; 
GO TO LA; END; 
L 2 : I = I - 1 ; 
N=l; 
COUNT=0; 
PUT PAGE EDIT( «LAT','LONG•»•GANKA•)(SKIP{2),X(17),A,X(6),A,X(6), 
A); 
PUT SKIP (2 ) ; 
L 3:GET LI ST(TD1,TH1,TNI,TD2,TH2,TM2 ,XF1,XF2); 
IF TD1=0 THEN GO TO L1C; 
ELSE GO TO L4; 
LA:GET LIST(GAN.,FRAC) ; 






J = 0; 
K=0; 
L5•J = J +1 * 
IF ABS(A(J)-T1)<0„0001 THEN GO TO L6; 
ELSE IF A ( J X T 1 THEN GO TO L5; 
ELSE IF T K A ( J ) THEN DO; 
CLAl = SLA(J)-SLA(J-i) ; 
DLOi = SLO(J)-SLO(J-l ) ; 
DWR1=WR(J)-WR(J-l) ; 
FR1=(T1-A(J-1))/(A(J )-A(J-1) ) ; 
RLAI = SLA(J-1)+(FRl*DLAl ) ; 
RL01=SL0(J-1)+(FR1*DL01); 
RWR1=WR(J-1)+(FR1*DWR1); 
GO TC L7; 
END ; 
HEL: PROC OPT IONS(MA IN ) ; 
ELSE PUT EDIT( 1 ERROR IN SORTING ARRAY•)(SKIP,X(2),A(24)); 
L6:RLA1=SLA(J ) ; 
RL01=SLO(J) ; 
RWR.l=WR( J ) ; 
L7:K=K+1; 
IF ABS(A(K)-T2)<0.0001 THEN GO TO L8; 
ELSE IF A(KXT2 THEN GO TO L7; 




FR2=(T2-A(K-1) ) / ( A ( K ) - A ( K - l ) ) ; 
RLA2=SLA(K-1)+(FR2*DLA2); 
RL02=SL0(K-1)+(FR2*DL02); 
RWR2=WR(K-1) + (FR2*DWR2) ; 
GO TO L 9 i 
END; 





LON=RL01+(FRAC*(RL02-RL01) ) ; 
WWR = RWR1+(FRAC*(RWR2-RWR1 ) ) ; 
AUA(COUNT)=GAM; 
GLA(COUNT) = LAT ; 
GLC(CCUNT)=LCN; 
GRR(COUNT)=GAM-WWR; 
PUT SKIP EDI T( LAT» LONjGAM f kto'R) ( X{13) ,F (10 ,5) ,F (10 »5 ) , F (7 ,0 ) ,X (3 ) , 
F ( 7 , 0 ) ) J 





DO 1 = 1 TO L ; 
ANOM(I) = AUA( I ) ; 
END; 
PUT PAGE LIST(NAME); 
PUT S K I P ( l ) ; 
/* CALCULATION OF DISTANCES BETWEEN STATIONS */ 
PUT SKIP(2); 
X =0 " 
DO 1=2 TO L; XX=0; 
CALL DISAZ(GLAd-l) ,GL0(I-1) ,GLA(I),GLO( I)»XX>; 
x( I ) = X( i - i ) + xx; 
END; 
PUT SKIP ( 2 ) ; 
/* EVALUATION OF LEA ST-SQUARES REGIONAL */ 
L l l : A R ( 1 , * ) = 1 ; 
DO 1=1 TO L; 
A R ( 2 , I ) = X ( I ) ; 
AC(I)=ANOM(I ) » 
END; 
\ 
HEL: PROC OPTIONS(MAIN); 
IQ=2; IW=1; EPS=0.0001; 
PUT LIST(TINE)SKIP; 




PUT EDIT! •DISTANCE ' , • TOTAL INTENSITY* ,'REGIONAL' ,'RESIDUAL' ).(SKIP( 
2 ) , X ( 7 ) , A , X ( 3 ) , A , X ( 3 ) , A , X ( 4 ) , A ) ; 
DO 1=1 TG L; 
RD=S( 1 ) + S ( 2 ) * X ( I ) ; 
RES ID=AC( I )-RD; 
PUT EDIT(I,X(I),AC(I),RC,RESID,GRR( I ) ) ( SK IP , F( 4 ), X( 3),F ( 8, 3) , 
X ( 7 ) , F ( 7 , 1 ) , X ( 8 ) , F ( 7 , 1 ) , X ( 4 ) , F ( 7 , 1 ) , X ( 4 ) , F ( 7 , 1 ) ) ; 
PUT FILE (AMY) E D I T ( I , X ( I ) , G L A ( I ) ,GLO<I),AC(I),RESID,GRR(I)) 
( X ( 2 ) , F ( 4 ) , F { 8 , 3 ) , F ( 1 4 , 6 ) , F ( 1 4 , 6 ) , F ( 9 ) , F { 9 ) , F ( 9 ) ) ; 
END; 
PUT EDIT( 'REGIONAL AT FALSE CRIGIN=•,S(1))(SKIP(2),A,F(8,1)); 
PUT EDIT(•REGIONAL GRADIENT ALONG X AXIS=• fS(2))(SKIP,A,F<11 , 6 ) ) ; 
GO TC FIN; 
DISAZ: PROCEDURE(ALA T»ALON »BLAT »BLON»DIS); 




GB=((0*99327733*TAN(UB))/TAN(UA)) + ((0.00672267)#COS(UA))/COS(UB) ; 
AZ=ATAND((SIND(ALON-BLON)),(SINC(ALAT)#(COSD(ALON-BLON)-( G B ) ) ) ) ; 














DIS=( ( ( CHORD )*# 3 ) / ( 2 4 * ( (R)**2) ) ) + ( 3 * ( (CHORD)**5) ) / (640* ( ( R ) **4 ) ) ; 
DIS=CIS+CH0RCJ DIS=DIS/1000; END DISAZ; 
FIN :ENDJ /* END-BEGIN */ 
END SPHEL» 
APPENDIX B 
The computer program TR/GM. 
TR/GM transforms a g r a v i t y anomaly into a magnetic anomaly. 
The program i s w r i t t e n i n PL/1 f o r use on the N.U.M.A.C. 
IBM 360/67. 
Input and d e c l a r a t i o n structure. 
N number of s t a t i o n p o i n t s . 
M number of block edges, number of bloc k s minus one. 
BEGIN; a r r a y s are dimensioned by the input values of 
N and M 
L I : HM, HE, ALFM, ALFE are the dips and azimuths of 
body magnetisation and the eart h ' s f i l e d ; measured i n degrees. 
I n c l i n a t i o n s are measured p o s i t i v e from the h o r i z o n t a l , with 
i n c r e a s i n g d i s t a n c e , downwards; azimuths are measured p o s i t i v e 
from the s t r i k e of the body, assumed perpendicular to the 
anomaly p r o f i l e , towards the p o s i t i v e x - a x i s ( a n t i c l o c k w i s e ) . 
These angles are then transformed into the plane of the 
anomaly p r o f i l e to produce the compositie angle B. 
L 2 : 
ZS anomaly s t a t i o n h e i g h t , sea l e v e l =» 0. 
SDAT -1; r e g u l a r l y spaced s t a t i o n s . 
SCAT 1; i r r e g u l a r l y spaced s t a t i o n s . 
X0 anomaly s t a t i o n o r i g i n . 
XSTEP anomaly s t a t i o n spacing. 
XS c a l c u l a t e d or input array of anomaly s t a t i o n 
d i s t a n c e s . 
DG a r r a y of observed g r a v i t y anomaly v a l u e s . 
ZT depth to upper s u r f a c e of equivalent l a y e r . 
ZB depth to lower s u r f a c e of equivalent l a y e r . 
BXO o r i g i n on x - a x i s of equivalent l a y e r . 
BSTEP width of block elements of equivalent l a y e r . 
BX c a l c u l a t e d a r r a y of x - coordinates f o r block 
edges. 
I J F = -1; program terminates a f t e r e f f e c t i n g transformation 
g r a v i t y to magnetics. 
I J F - 1; s e p a r a t i o n of magnetic anomaly components by 
use of a l e a s t - s q u a r e s s c a l i n g equation. 
C a l c u l a t i o n of g r a v i t y k e r n e l matrix elements. 
14: 
GK g r a v i t y k e r n e l matrix of dimension (M - 1, N), 
i n i t i a l l y s e t to 2 e r o . 
The c a l c u l a t i o n i s based on program GRAVN (Bott, 1969a) 
i n the modified form due to Laving (1971). 
S o l v i n g f o r a block d i s t r i b u t i o n of density. 
! L 5 5 
: EPS, IW, IQ t o l e r a n c e parameter and dimensions of 
j a r r a y s i n LLSQ (see appendix A). 
\ A d e n s i t y d i s t r i b u t i o n i s obtained by a c a l l to LLSQ. 
i 
| SS s o l u t i o n a r r a y of length (M - 1 ) , containing 
| 
| v a l u e s f o r the d e n s i t y d i s t r i b u t i o n . 
C a l c u l a t i o n of the pseudo - magnetic anomaly. 
L6: 'She s e t of statements to c a l c u l a t e the magnetic 
k e r n e l matrix elements a r e those of Button (1970), but modified 
f o r the simpler s i t u a t i o n of an equivalent l a y e r d i v i d e d into 
b l o c k elements of r e c t a n g u l a r czrpss - s e c t i o n . 
GK magnetic k e r n e l matrix of dimension (M - 1, N). 
The elements of the k e r n e l matrix are then m u l t i p l i e d by 
the elements or a r r a y SS and summed to produce a pseudo -
magnetic anomaly a t each s t a t i o n point f o r a conventional 
v a l u e of J/p 1. 
Separation of magnetic anomaly components. 
L7: U F =• 1: proceed with separation. 
DB a r r a y of observed magnetic anomalies. 
RR a r r a y of r a t i o s observed/pseudo - magnetic 
anomalies. 
A l i n e i s now f i t t e d to the values of RE with distance by 
a c a l l to the l e a s t - s q u a r e s subroutine LLSQ. 
SR a r r a y of length (2) containing i n t e r c e p t 
and gradient of s c a l i n g operation. 
RAT s c a l i n g parameter at each station p o i n t . 
CALC value of the s c a l e d pseudo - magnetic 
anomaly a t each poi n t . 
RES value of r e s i d u a l anomaly, observed minus 
s c a l e d pseudo - magnetic anomaly at 
each p o i n t . 
PROC OPTIONS(MAIN)I 
TR/GM: PROC OPT IONS(MA IN ) ; 
/* A,INGLES,1970, GRAV ITY-KAGNETICS TRANSFORM, */ 
DCL ( I , J , K , L , M , N) FIXED B I N O l ) ; 
CCL NAME CHAR(25); 
GET LIST (NAKE); 
PUT PAGE LIST (NAME)5 
GET L I S T ( N , M ) ; 
BEGIN; 
DCL ( (XSiDG) (N),GK(M-l,N ), (X,Z) (5 ),(S,C)(4),BX(M), 
( S S , I P I V ) ( M - l ) , A U X ( 2 * ( M - 1 ) ) ) FLOAT; 
DCL ((DB,RR)(N),B(2,N),(SR,IPAV)(2),AAX(4)) FLOAT; 
DCL (RAT,CALC,R ES) FLOAT; 
DCL (HM,HE,ALFM,ALFE ,A , HHE, Fl-M, BETA, CBET A, SBETA ,SDAT , XO, XSTEP,ZS, 
ZT,ZB fBXO,BSTEP fGOH|Xl,Zl fRl,FIlfX2 fZ2,R2 ,FI2,H,W,CA,CB,SX,XSA, 
XSB,ZSA ,CC»EE,RA,RB,TA,TB,TT,TBA,THETA,MAG) FLOAT; 
DCL KK FIXED B I N O l ) ; 
DCL EPS FLOAT; : 
CCL(IER,IQ,IU) FIXED B I N ( 3 1 ) ; 
DCL IJF FIXED B I N O l ) ; 
DCL LINK LABEL; 
Ll-.GET LIST(HM,HE,ALFM,ALFE); 
A=SQRT((((COSD(HE))**2)*((SIND(ALFE))**2)+(SIND(HE))**2)*(((COSD( 








L2:GET LIST(ZS,SDAT) ; 
IF SDAT<0 THEN DO; 
GET LIST(XO,XSTEP) ; 
DO 1=1 TO N; 
XS( I ) = X0+(I-1)*XSTEP; 
GET LIST(DGd) ) ; 
PUT LI S T ( D G ( I ) ) ; 
.END; 
END; 
ELSE DO 1=1 TO N; 
GET LIST ( X S ( I ) , D G ( I ) ) ; 
END ; 
L3 : GET LIST ( ZT , ZB, BXO, BSTEP ); 
DO J=l TO M; 
BX(J)=BXO+(J-1)*BSTEP; 
END; 
PUT EDITC BLOCK-LAYER REPRESENT AT I0N')(SKIP(2)»X(10),A); 
PUT SKIP( 1)5 
CO J = l TO M; 
PUT SKIP EDIT(J,BX(J),ZT,ZB)(X(5),F(5,0),F(10,4),F(10,4),F(1C,4)); 
END; 
GET L I S T ( I J F ) ; 
/* */ 
/# COMPUTATION OF GRAVITY KERNEL MATRIX */ 
L4: GK=C; 
GOH=0.013328; 
f. PROC CPTICNS (MAIN) ; 
DO J = l TO M-l; 
X ( 1 ) , X ( 2 ) , X ( 5 ) = BX(J ) ; 
X(3) , X ( 4 ) = B X { J + l ) ; 
Z( 1) ,Z(4) ,Z(5)=ZT-ZS; 
Z(2),Z(3)=ZB-ZS; 
DO 1=1 TO N; 
X l = X ( l ) - X S ( I ) i 
z i = z ( l ) ; 
R1=X1**2+Z1**2; 
F I 1 = C5708-ATAN(X1 , Zl ) ) ; 





H = S Q R T ( ( X ( K ) - X ( K + i ) ) * * 2 + ( Z ( K + l ) - Z ( K ) ) * * 2 ) 5 
S ( K ) = ( Z ( K + 1 ) - Z ( K ) ) / H i 
C ( K ) = ( X ( K ) - X ( K + 1 ) ) / H ; 
W=0.5*S(K)*L0G(R2/R1)+C(K)*{FI2-FI1); 
GK( J ,1 ) =GK( J , I )+GOH# (Z2*FI2-Z1*FI1-W*(X1*S (K ) + Zl*C(K) ) ) ; 
GK(J»I)=GK(J,I)*1000.0; 
X1=X2; Z1=Z2; R1=R2; FI 1 = F I 2 ; 
END; /* K-LOOP */ 
END ; /# I-LOOP #/ 
END; /* J-LOOP */ 
/* , */ 
/* SOLUTION OF EQUATIONS BY LLSQ */ 
L5: EPS=0.0001; 
IW=P-1; 
i Q = l ; 
PUT SKIP EDIT('IN-L L SQ ' ) ( X ( 2 0 ) » A ( 7 ) ) ; 
CALL LLSQ(GK(1,1 ),DG(1),N,IW,IQ,SS(1),I PIV(1),EPS,IER»AUX( 1 ) ) ; 
PUT LIST ( I E R ) S K I P ( 2 ) ; 
PUT L I S T ( S S ) ; 
PUT S K I P ( 2 ) ; 
GK=O; 
/* */ 
/* CALCULATION POINT FOR POINT CF MAGNETIC ANOMALY */ 
PUT EDIT ( 'NO1 , •DISTANCES 'GAMMA' ) (X( 5) ,A(2) ,X(10) ,A( 8) ,X(10) , 
A ( 5 ) ) ; 
L6: CA = 0, 5*SBETA; 
CB=-CBETA ; 
DO 1=1 TC N; 
SX = X S ( I ) ; 















TRA = TB-TA; 
THETA=ATAN(7BAiTT); 
EE=TFETA#CB+LOG( RB/RA)*CA; 




/* PRODUCT CF KERNEL ELEMENTS AND SOLUTIONS OF MLSQ */ 
DO 1=1 TO N; 
MAG=0; 




PUT EDIT ( I , X S ( I ) , O G ( I ) ) ( S K I P ( 1 ) , X ( 4 ) , F ( 3 , 0 ) , X ( 1 0 ) , F ( 8 , 4 ) t X ( 5 ) , 
F ( l l , 4 > > ; 
END; 
DO 1=1 TC N; 
L7: IF IJF<0 THEN GO TO LE; 
ELSE DO 1=1 TO N; 
GET LIST(DB(I)> ; 
END; , 
DO 1=1 TO N; 




PUT SKIP(2 ) ; 
IG=2; 
I W= 1; 
EPS=O.OOOI; 
i = i ; 
DO J = l TO N; 
B(I»J)=l.o; 
B ( i + l i J ) = X S ( J ) ; 
END; 
DO J = l TO 6; 
RR(J )=0<,0250; 
END; 
DO J=N-5 TO N; 
RR(J)=0»0250; 
EMC; 
PUT SKIP(2) ; 
DO J = l TO N; 
PUT L I S T ( R R ( J ) ) ; 
END; 
PUT S K I P ( l ) ; 
KK=M ; 
PUT L IST ( T I ME)SKIP; 
CALL LLSQ(B(1,1 ) , RR (1) , KK, I Q, IW , SR ( 1 ) , IPAVd ),EPS, IER,AAX( 1) ) ; 
PROC OPTIONS(MAIN); 
PUT SKIP LIST(IER); 
PUT EDIT! 1 SCALING PARAME TERS ,AT ORIGIN AND ALONG PROFILE*)(SKIP(2) 
, X ( 1 0 ) , A ) ; 
PUT SKIP LIST(SR); 
PUT EDIT( 'NO' , • X' ,«OBS' ,'CALC ,«RESIO« ) (SKIP (2) ,X(5) ,A, X(1 0 ) , 
A,X(10),A,X(10),A,X(10),A); 




/** RES DUE TO MAGNETIC VARIATIONS ONLY **/ 
PUT SKIP E D I T ( I , X S ( I ) , D B ( I ) ,CA LC ,RES) ( X< 2) , F (5 »0) ,X (3 ) , F (8 ,3 ) , 
X ( 6 ) , F ( 7 , 1 ) , X ( 7 ) , F ( 7 , 1 ) , X ( 8 ) , F ( 7 , 1 ) ) ; 
END; 
LE: END; /* END BEGIN */ 
END TR/GM; 
APPENDIX C 
The computer program TR/MG. 
T h i s program performs the transformation magnetic anomaly 
to g r a v i t y anomaly and i s w r i t t e n i n PL/1 for use on the 
K.U.M.A.C* IBM 360/67. 
The procedure i s e s s e n t i a l l y t h a t of TR/GM i n r e v e r s e . 
S a r r a y of lengt h (M - 1) containing v a l u e s 
for block d i s t r i b u t i o n of magnetisation. 
L5: DA a r r a y o*f len g t h (N) containing unsealed 
pseudo - g r a v i t y anomalies. 
PROC OPTIONS(MAIN)£ 
TR/MG£ PRCC OPTIONS(MAIN )£ 
/* A.INGLES,1970, MAGNETICS TO GRAVITY TRANSFORM */ 
DCL.(I,J,K,L,M,N) FIXED BIN{31)£ 
DCL NAME CHAR(25)£ 
GET LIST(NAME)£ 
PUT PAGE LI ST(NAME)£ 
GET LIST(N,M)£ 
BEG IN£ 
DCL ((XS,DA)(N),GK(M-1,N),(X,Z)(5),(SS,CC>(4),BX(M)) FLOAT£ 
DCL DB(N) FLOAT£ 
DCL (HM,HE,ALFM,ALFE,A,HHE,HHM,BETA ,CBETA,SBETA,SCAT,XO,XSTEP,ZS, 
ZT,ZB,BX0,BSTEP,G0H,X1,Z1,R1,FI1,X2,Z2,R2,FI2,H,W,CA,CB,SX,XSA, 
XSB,ZSA,DD,EE,RA,RB,TA,TB,TT,TBA,THETA,MGAL,EPS) FLCAT£ 
DCL ( I E R I I Q I I W ) FIXED BIN(31)£ 
DCL ( A U X ( 2 f t ( M - l ) ) , ( S , I P I V ) ( M - l ) ) FLOATS 
DCL IN FIXED BIN(31)£ 
DCL LINK LABEL£ 
L1£GET LIST(HM,HE,ALFM,ALFE )£ 
A=SQRT((((COSC(HE))**2)*((SIND(ALFE) )»*2)+(SIND(hE))*«2)*(((CCSC( 
HM))**2)*((SIND(ALFM))**2)+(SIND(HM)) **2 ) )£ . 
FHE=ATAND(SIND(HE),COSD(HE)*SI NO(ALFE) )£ 




PUT EDITl'BETA=«,BETA)(SKIP(2),A(5),F(7,2))£ I 
L2£GET LIST(ZS,SCAT)£ i 
IF SDAT£0 THEN D0£ 
GET LIST(XO,XSTEP)£ ! 
DO 1=1 TO N£ 
XS(I)=X0+(I-1)*XSTEP£ 




ELSE DO 1=1 TO N£ 
GET L I ST(XS(I)»DA( I ))£ 
END£ 
L3£GET LIST(ZT,ZB,BXO,BSTEP)£ 
DO J = l TO M£ 
BX(J)=BXO+(J-1)*BSTEP£ 
END£ 
PUT EDIT('BLOCK-LAYER REPRESENTATION *)(SKIP(2)»X(1C),A)£ 
DO J = l TO M£ 
PUT SKIP EDIT(J,BX(J),ZT,ZB)(X(5),F(5,0)»F(10,4)» F(10,4)»F(10, 4)) £ 
END£ 
/«***•»•» 




DO 1=1 TO N£ 
SX=XS(I)£ 



















GO TO LINK£ 
PT2£GK{J, I )=(CD-EE)*A£ 
END£ 
ENC£ 
/•»*#»•»*•»*•»**** « « * « « # « « « « « « « / 
/* SOLUTION BY LEAST SQUARES */ 
EPS=0.0001£ 
IW=M-1£ 




IF IER£=0 THEN BEG IN£ 
S=0£ 
PUT LISTCSSP FAILED • ) £ ; 
PUT SKIP(1)£ ' 
END£ 
PUT SKIP(1)£ 





/* CALCULATION OF GRAVITY ANOMALY,POINT FOR POINT */ 
GK = 0£ 
CA=0£ 
GOH=0.013328£ 
DO J = l TO M-l£ 
X(1),X(2),X{5)=BX(J)£ 
X(3 ),X(4)=BX(J + l)£ 
Z ( l ) ,Z{4) ,Z(5)=ZT-ZS£ 
Z(2),Z(3)=ZB-ZS£ 
DO 1=1 TO N£ ; 









H = S(2RT{ (X ( K)-X(K+1 ) )** 2 + ( Z ( K + l ) - Z ( K ) )**2)£ 
SS { K)=(Z(K+1)-Z ( K ))/H£ 
CC(K)=(X(K)-X(K+1) )/H£ 
W=0.5*SS(K}*L0G(R2/R1)+CC{K)*{FI2-FI1)£ 
GK(J,I)=GK(J,I)+GOHMZ2»FI2-Zl*FIl-W*(Xl»SS(K) + Zl*CC(K >>)£ 
X1=X2£ Z1=Z2£ R1=R2£ FI1=FI2£ 
END£ /* K-LCGP */ 
END£ /* I-LCOP */ 
END£ /* J-LCOP */ 
PUT EDIT('NO* t 'DISTANCE'»'MGALS') ( X (5 ) , A ( 2 > , X 110 ), A { 8 ) , X 110 ) , A ( 5 > ) 
£ 
DO 1=1 TO N£ 
MGAL=0£ 
L5£ DO J = l TO M-l£ 
MGAL = MGAL+{GK(J,I)*S(J) ) £ 
END£ 
CA( I )=MGAL*1000.0£ 
END£ 
DO 1=1 TO N£ 
PUT E D I T l I , X S ( I ) , D A ( I ) , D B ( I ) ) ( S K I P ( 1 ) , X ( A ) , F ( 3 , 0 ) , X ( 1 C ) , F ( 8 , 4 ) , 
X(5),F(10,A),X(5),F{1C,2))£ 
END£ 
LE£ END£ /* END BEGIN */ 
END TR/MG£ 
APPENDIX D 
The computer program JG/RAT. 
T h i s program computes a d i s t r i b u t i o n of va l u e s for the 
r a t i o J/p d i r e c t l y from the observed g r a v i t y and magnetic 
anomalies. The program i s w r i t t e n i n PL/1 for use on the 
N.U.M.A.C. IBM 360/67. 
Input and the f i r s t p a r t of the program are e s s e n t i a l l y 
the same as for TR/GM. 
L5: S I a r r a y of leng t h (M - 1) containing v a l u e s 
f o r a block d i s t r i b u t i o n of density. 
L6: read i n observed magnetic anomaly v a l u e s . 
L7: product of magnetic k e r n a l matrix elements with 
elements of a r r a y S I . 
L8: d e r i v a t i o n of a d i s t r i b u t i o n of values for J/p 
by a c a l l to l e a s t - s q u a r e s subroutine LLSQ. 
S2 a r r a y of length (M - 1) containing v a l u e s for 
the block d i s t r i b u t i o n of J/p. 
i/RAT: PROC OPT IONS(MAIN) ; 
JG/RAT: PROC OPT IONS(MAIN); 
DCL NAME CHARI25); 
DC L ( I , J,K,L,M,N) FIXED BI N ( 3 1 ) ; 
GET LIST(NAKE); 
PUT PAGE L I ST (NAME) ; 
GET LIST(NfM); 
BEGIN; 
DCL ((XSfDA)(N) ,GK(K-1,N),(X , I) (5 ) , ( SS,CC)(4),BX(M),(S1,S2)(M-l), 
AUX(2*(M-1)),IPIV(M~1) ) FLOAT; 
CCL (HIS HE,ALFM,ALFE,A,FHE,HUM,BETA,CBETA,SBETA,SDAT,XO,XSTEP,ZS, 
ZT,ZB,RXO,BSTEP,GOH,Xi,U,R1,FII,X2,Z2,R2,FI2,H,W,CA,CB,SX,XSA, XSB 
,7.SA,DD,EE,RA,RB ,TA , TB , TT , TBA , THETA,MAG,EPS) FLOAT; 
CCL (IER,IQ,IW) FIXED B IN ( 31) ; 
DCL fM FIXED B I N ( 3 1 ) ; 
DCL LINK LABEL; 
LI:GET LIST(HM,HE,ALFM,ALFE); 
A = SQRT((((COSD(HE))**2)* ( (SIND(ALFE))**2)+(SIND(HE))**2>*( ( (COSDl 
HM ) ) * * 2 ) * ( { SIND( ALFM) )**2) + ( SIND(HM) ) **2 ) ) ; 
HHE=ATAND(SIM3(HE),COSD(hE)*SIND<ALFE)); 




PUT EDIT(• BETA=•,BETA)(SKIP(2),A(5),F(7,2)); 
L2:GET LIST(ZS,SDAT); 
IF SDAT<0 THEN DO; 
GET LIST(XO,XSTEP); 
DO 1=1 TO N; 
XS(I)=XO+(I-l)*XSTEP; 
GET LI S T ( D A ( I ) ) ; 
s END; 
END; 
ELSE DO 1=1 TO N; 
GET LI S T ( X S d ) ,DA(I) ) ; 
END; 
L3:GET LIST(ZT,ZB,BXO,BSTEP); 
DO J= l TO M; 
BX(J)=BXO+(J-1)#BSTEP; 
END; 
PUT EDIT{»INITIAL FIELD VALUES' ) ( S K I P ( 2 ) , X ( 1 0 ) , A ( 2 0 ) ) ; 
DO 1=1 TO N; 
PUT SKIP E D I T ( I , X S ( I ) , D A ( I ) ) ( X ( 1 0 ) , F ( 5 , 0 ) , F ( 1 0 , 4 ) , X ( 5 ) , F ( 1 0 , 2 ) ) ; 
EN C; 
PUT EDIT('BLOCK-LAYER REPRESENTAT ION')(SKIP(2),X(10)»A); 
DO J = l TO M; 
PUT SKIP EDIT(J,BX(J ),ZT,ZB)(X(10),F(5,0),FU0,4),FU0,4),F(10,4)) 
END; 
/ >Jt * % sfr $ * # # % $ >}: 
/* COMPUTATION OF FIRST KERNEL MATRIX \ */ 
GOH=0,013328; \ 
GK=C; \ 
CO J = l TO M-l; \ 
X(l> ,X(2),X(5) = BX(J); \ 
\ 
PROC OPT IONS(MAIN ) ; 
X ( 3 ) , X ( 4 ) = B X ( J + 1 ) ; 
Z( 1) , Z U ) ,Z(5)=ZT-ZS; 
Z(2),Z(3)=ZB-ZS; 
DO 1=1 TC N; 
X1 = X( 1) -- X S ( I ) ; 
z i = z ( 1 ) ; 
Rl = X l * * 2 + Z l * # 2 ; 
F I 1 = (1«,5708-ATAN(X1 , Zi) ) ; 





H=SGRT((X(K)-X(K + 1 ) ) * * 2 + ( Z ( K + l ) - Z ( K ) ) * * 2 ) ; 
S S ( K ) = ( Z ( K + 1 ) - Z ( K ) ) / H ; 
C C ( K ) = ( X ( K ) - X ( K + 1 ) ) / H I 
W=0.>5*SS(K)*L0G(R2/R1)+CC(K)*(FI2-FI1)» 
GK(J fI)=GK(JiI)+GQH*(Z2*F I2-Zl*F11-W*(X1*SS(K)+Z1*CC(K))); 
G K t J i I ) = G K ( J , I ) * l O 0 0 . O ; 
X1=X2; Z1=Z2; R1=R2; FI1 = F I 2 ; 
END; /* K-LCOP */ 
END; /* I-LCOP */ 
END; /* J-LOOP */ 
PUT S K I P ( 1 ) ; ; 
/* SOLUTION BY LEAST SQUARES */ 
EPS=0.0001; 
IW=P-I; 
I Q = l ; 
PUT SKIP EDIT('IN-LLSQ')(X(1C),A); 
CALL LLSQ(GK(1,I),DA(1)iN»IWfIQ,S1(1),IP IV(1),EPS,IER,AUX(1)); 
PUT SKIP LIST(IER); 
IF IER-i=0 THEN DO; 
PUT EDITCSSP FAILED')(SKIP(1),A) ; 
GO. TC LE; END; 
ELSE DO; 
PUT EDIT( 'SOLUTIONS OF DENSITY DISTRIBUTION')(SKIP(2),X(10)tA); 
PUT SKIP(1) ; 
PUT L I S T ( S l ) ; 
END; • 
* 
/* CALCULATION OF SECOND KERNEL MATRIX */ 
GK=C; 
DA=C; 
CO I=N BY - 1 TO l ; 
GET L I ST (DA ( I ) ) ; 
G K ( J i I ) = G K ( J , I ) * S l ( J ) ; 
CA=0.5*SBETA; 
CB=-CBETA; 
DO 1=1 TO N; 
SX=XS(I); 
DO J = i TO M-l; . 
XSA=BX(J)-SX; 
XSB = BX( J + l )-SX; 
/R/>T: PROC OPTIONS(MAIN); 
ZSA=ZT-ZS; 
LINK=PTl; 












GO TO LINK; 
PT2:GK(J,I)=(DD-EE)*A; : 
END; 
END; ; ' 
PUT S K I P ( 1 ) ; 
DO J = l TO M-l; 
DO 1=1 TO N; 




/* SOLUTION OF J-RHO RATIO BY LLSQ , */ 
PUT E DIT {• I N LLSC ) ( S K I P ( 2 ) f X ( 1 0 ) , A ) ; 
CALL LLSQ(GK(1,1) ,DA(1) t N , I h , I Q , S 2 ( l ) i I P I V ( l ) fEPSf IERf AUX(l) ) ; 
PUT SKIP LIST( I E R ) ; 
I F IER-i=0 THEN DO; 
PUT EDIT('SSP F A I L E D ' ) ( S K I P ( 1 ) f A ) ; 
GO TO LE; END; 
ELSE DO; 
PUT ED IT('DISTRIBUTION OF J/RHO• ) ( S K I P ( 2 ) , X ( 1 0 ) , A) ; 
DO J = l TO M - l ; 
PUT EDI T ( J , S 2 ( J ) ) ( S K I P ( 1 ) , X < 1 0 ) , F { 5 , 0 ) , X ( 5 ) , F ( 1 4 , 6 ) ) ; 
END; 
END; 
LE: END; /* END-BEGIN */ 
END JG/RAT; 
APPENDIX E 
The computer program SBETA. 
T h i s program s o l v e s f or the composite angle B (Chapter 
t h r e e , equation (1)) and thereby c a l c u l a t e s an angle of 
magnetisation f o r the whole p r o f i l e which l i e s i n the plane of 
the p r o f i l e . The program i s w r i t t e n i n PL/1 for use on the 
N.U.M.A.C. IBM 360/67. 
Input to SBETA i s e s s e n t i a l l y that to TR/GM except that 
angles HM, ALFM a r e omitted. 
L3: S I a r r a y of length (M - 1) containing v a l u e s for 
the block d i s t r i b u t i o n of desnity. 
L6: MK a. magnetic k e r n e l matrix of dimension (2,N) 
which corresponds to the (N x 2 ) matrix K g 
of equations (18) and (19) i n Chapter three. 
L7: DA a r r a y of length (N) containing observed 
magnetic anomaly v a l u e s . 
L8: S2 a r r a y of length ( 2 ) containing the v a l u e s 
hcos B and h s i n B, where h i s the r a t i o J/p. 
BETA:PROC OPT IONS(MA I N ) ; /* A*INGLES ,1970 */ 
SBETA:PROC OPT I QNS (MAIN); /*> A«INGLES,1970 */ 
' DC L (N,M,L) FIXED BIN(31); 
OCL NAME CHAR( 25 ) ; 
GET UST(NAKE); 
PUT PAGE LI ST(NAME); 
' GET LIST(N,M) ; ' 
L=2; 
BEGIN; ; 
DCL ( ( XS,DA MN) ,BX( M+l ) ,GK( M,N) ,KK( L,N) , ( S I , IPIV) (M) , (S2, IPAV ) (L ), 
AUX(2*M)iAAX(2*L),<XtZ)(5)f<SStCC)(4)) FLOAT; 
DCL ( I S , S D A T , X O , X S T E P , B X O , B S T E P , Z T , Z B , H E , A L F E , H H E , H H M , X 1 , Z 1 , R l , F 1 1 
,X2,Z2,R2,FI2,H,W,GCH,EPS,SN1,SM2 ,CA ,CB, CD1, DD2 , EE1, EE2 ,T A,T B, TT , 
TBA,THETA ) FLOAT; 
DCL ( I , J,K, IW, IQ, IER) FIXED BIN(31); 
DCL FIXED B I N O l ) ; 
DCL LINK LABEL; 
y************* DERIVATION OF SINGLE VALUE OF BETA *************/ 
L l : GET LIST(HE,ALFE); 
L2: GET LIST(ZS.SDAT); 
IF SDAT<0 THEN DO; ; 
L3 : GET LIST (XCXSTEP) ; 
DO 1=1 TO N; 
XS(I)=X0+(I-1)*XSTEP; 
GET L IST ( DA ( I ) ) ; 
END; END; 
ELSE DO 1=1 TO N; 
GET L I S T { X S ( I ) , D A ( I ) ) ; 
END; 
L4: GET LI ST(BXO,BSTEP,ZT,ZB); 
DO J = l TO M+l; 
BX(J)=BX0+(J-1)*BSTEP; 
END; 
PUT EDIT('INITIAL FIELD VALUES• )(SKIP(2),X(10),A) ; 
DO 1 = 1 TO N; 
PUT SKIP EDIT(I,XSU),DA( I ) ) ( X ( 1 0 ) , F ( 5 , 0 ) , F ( 10,4), X( 5),F(10,2)) ; 
END; 
PUT EDIT('BLOCK-LAYER REPRESENTATION•)(SKIP(2),X(10),A); 
DO J = l TO M+l; 
PUT SKIP EDIT(J,BX(J),ZT,ZB) (X (10 ) , F ( 5 , 0 ) , F ( 1 0 , 4 ) , F ( 1 0 , 4 ) , F ( 1 0 , 4 ) ) 
END ; 
/************* GRAVITY MATRIX *************/ 
GK = C; 
GOH=0.013328 ; 
DO J = l TO M; 
X ( l ) , X ( 2 ) , X ( 5 ) = B X ( J ) ; 
X ( 3 ) , X ( 4 ) = B X ( J + l ) ; 
Z(1),Z(4),Z(5)=ZT-ZS; 
Z(2) ,Z(3)=ZB-ZS; 
DO 1=1 TO N; 
x i = X ( i ) - x s ( I ) ; 
z i = z ( i ) ; 
R1=X1#*2+Z1**2; 
FI1=(1.5708-ATAN(X1,Z1)); 
DO K=l TO 4; 
X2=X(K+1)-XS(I); 
PROC OPTIONS(MAIN); /* A.INGLES ,1970 */ 
Z2=ZIK+1); 
R2=X2**2+Z2**2; 
FI 2= ( 1.5708-ATAN(X2,Z2) ) *, 
H=SCRT((X(K)-X(K + 1 ) ) * * 2 + ( Z ( K + l ) - Z ( K ) ) * * 2 ) ; 
S S(K)=(Z(K+i)~Z(K))/H; 
CC(K ) = ( X(K )-X( K+l) )/H; 
W = 0o5*SS(K )*L0G(R2/R1)+CC(K)*(FI2-FI1); 
GK(J,I)=GK(J,I)+1000,0*GCH*(Z2*FI2-Zl*FIl-W*(Xl*SS(K)+Zl*CC(K) ) ) ; 
Xl=X2; Z1=Z2; R1=R2; FI1= F I 2 ; 
END; END; END; 
/************* SOLUTION OF DENSITY DISTRIBUTION *************/ 
EPS=0.CC01; 
IW = M; 
IQ=1» 
PUT SKIP EDITP IN-LLSC ) (X (10) , A) ; 
CALL L L S Q ( G K d i l ) ,DA( 1) ,N , I Vv, I Q , SI (1) , I P I V ( 1 ) ,EPS,IER,AUX(1 ) ) ; 
PUT SKIP LIST( IER); 
PUT SKIP EDIT{•SOLUT ION OF DENSITY DISTRIBUTION • ) ( X { 1 0 ) , A ) ; 
PUT S K I P ( l ) ; 
L5: PUT L I S T ( S I ) ; 
PUT SK I P ( 1 ) ; 




DO 1=1 TO N; SM1=0; SM2=0; 
DO J = l TO. M; 
x i = E X ( J ) - x s d ) ; 
X2=BX( J+J. )-XS(I ) ; 
ZI=ZT-ZS; 
LINK=PT1; 
GG TC OK; 











EE1 = THETA*CB ; \ 
EE2=L0G{R2/R1 )*CA; \ 
GC TC LINK; 






/************* REDUCED MATRIX AND SOLUTION OF VECTOR VALUES *****/ 
PUT EDIT( 'REDUCED MAGNETIC MATRIX')(SKIP(2),X(10),A); \ 
SBt TA:PROC DPT IONS(FAIN); /* A»INGLES» 1970 */ 
PUT EDIT! •SYMMETRIC COMPONENTS•)(SKIP(1),X(10),A) ; 
PUT S K I P ( l ) ; 
DO 1=1 TC N; 
1 PUT LIST(MK(1,I ) ) J 
1 END; 
PUT EDIT(•ASSYMMETRIC COMPONENTS• ) ( S K I P ( 2 ) t X ( i 0 j f A ) ; 
PUT S K I P ( l ) ; 
DO 1 = 1 TO N; 
1 PUT LIST(MK(2, I ) ) ; 
1 END; 
DA=0; 
DO 1 = 1 TO N; 
1 L7: GET LIST ( D A ( I ) ) ; 
1 END; 
PUT EDIT('ASSOCIATED FIELD VALUES')(SKIP(2)»X (10)»A); 
CO 1=1 TO N; 
1 PUT SKIP; E D I T ( I , X S ( I ) , D A ( I ) ) ( X ( 1 0 ) , F ( 5 , 0 ) , F ( 1 0 , 4 ) , X ( 5 ) , F ( 1 0 , 2 ) > ; 
1 END; 
IQ=2; IW=1; 
PUT EDITC IN-LLSQ' ) (SK IP (1 ), X < 10 > , A ) ; 
CALL LLSQ(MK(i ,1) , DA (1) , N, I C11W ,S2 (1 ) , IPAVd ),EPS,IER,AAX(1) ) ; 
PUT SKIP L I ST(IER) ; 
PUT EDIT('*COS(BETA ) & *SIN(BETA) •) ( SKIP(2),X(10) ,A); 
L8: PUT SKIP LIST(S2(1 ) ,S2 (2 ) ) ; 
TB=ATAND(S2(2),S2(1)); 
PUT EDIT( 'BETA= '»TB) (SK IP(1)» X(10)»A{5)»F(7 »2) ) ; 
HHE=ATAND(SIND(HE)»COSD(FE)*SIND(ALFE>); 
HHM=TB-HHE; 
PUT EDIT( 'MU=',HHM)(SKIP(l) tX(12) ,A(3) , F ( 7 , 2 ) ) ; 
HH=SQRT ( (S2 <1)'**2) + (S2< 2 ) * * 2 ) ) *, 
PUT EDITC J/P = « ,HH) (SKIP (2 ) ,X (10) , A (4 ) , F {1A, 8 ) ) ; 
END; /* END BEGIN */ 
END SBETA; 
APPENDIX F 
The computer program NUFIL. 
Th i s program compares observed and pseudo - magnetic 
anomalies a f t e r n o r m a l i z a t i o n by the mean absolute anomaly 
v a l u e s i n each case. The program i s w r i t t e n i n PL/1 f o r use 
on the N.U.M.A.C. IBM 360/67. 
N number of anomaly s t a t i o n p o i n t s . 
M number of block edges i n equivalent l a y e r . 
NO number of anomaly v a l u e s a t each end of the p r o f i l e 
to take p a r t i n cosine t a p e r i n g . 
The f i r s t p a r t of the program i s a transformation g r a v i t y 
to pseudo - magnetic anomaly with the a d d i t i o n s : 
L8: c o s i n e t a p e r i n g of observed g r a v i t y anomaly. 
L9: cosine t a p e r i n g of observed magnetic anomaly. 
Thence, 
L10: a r r a y DA r e f i l l e d with values of pseudo - magnetic 
anomaly. 
L l l : c a l c u l a t i o n of mean absolute v a l u e s of pseudo -
magnetic anomaly. 
L12: c a l c u l a t i o n of mean absolute value of observed 
magnetic anomaly. 
L13: p r i n t o u t of normalized observed magnetic anomaly. 
L14: p r i n t o u t of normalized pseudo - magnetic anomaly. 
L15: s c a l i n g of normalized pseudo - magnetic anomaly by 
product with the mean absolute observed magnetic 
anomaly. 
L l 6 : DC a r r a y of length (N) containing v a l u e s of 
the r e s i d u a l magnetic anomaly (observed minus 
s c a l e d pseudo - magnetic anomaly). 
L17: S a r r a y of leng t h (M - 1) containing v a l u e s of 
the block d i s t r i b u t i o n of i n t e n s i t y of magnetisation 
to s a t i s f y the r e s i d u a l anomaly. 
Subroutine GSUB: C a l c u l a t e s the g r a v i t y k e r n e l matrix elements. 
Subroutine MSUB; C a l c u l a t e s the magnetic k e r n e l matrix elements. 
Subroutine TAPSUB; Performs cosine tapering on the NO end 
v a l u e s of the observed g r a v i t y and magnetic anomaly p r o f i l e s . 
IF IL : PRCC OPTIONS(fAIN)j /* A, INGLES,APR IL 1971 */ 
MUFIL:PROC OPTIONS(MAIN) ; /* A,INGLES,APRIL 1971 */ 
CCL NAME CHAROO); 
DCL (N,M,NOfNN) FIXED DIN131); 
GET L I ST (NAME); 
PUT PAGE LIST(NAME); 
GET LIST (Nt Ni NO ; 
NN=2*N0; 
BEGIN ; 
DCL {GK(M-liN )»(XSiDA,DB f PC ) (N)»BX(M)»(S»I PI V)(M-l)fAUX(2*(M-l) ) , 
TX(NM) FLOAT; 
DCL (HM,HE,ALFM,ALFE,ZS,SDAT,XO,XSTEP,BXO,BSTEP,ZT,ZB,A,HHE,hHM, 
BETA,CBETA,SBETA,CA,CB,GOH,EPS,TO 1,T02,YN,YCBA,YOBA) FLOAT; 
DCL ( I , J , 11 , J J , ICi IWflER) FIXED BIN(31) ; 
/^COMPARISON OF OBSERVED AND CALCULATED MAGNETIC ANOMALIES */ 
/* BY NORMALIZATION */ 
LI:GET LIST(HM,HE,ALFM,ALFE); 
L2:GET L I ST(ZS »SDAT); 
IF SDAT<0 THEN DO; 
AL3:GET LIST(XO,XSTEP ) ; 
DC 1=1 TC N; 
XS(I)=XQ+(I-1)*XSTEP; 
END; 
CO 1=1 TC N; 
AL4:GET L I S T ( D A ( I ) ) ; /* GRAVITY */ 
EN D; 
EN C; 
ELSE DO 1=1 TO N; 





DO J = l TO M; 
BX(J)=BXC+(J-1)*BSTEP; 
END; 
L7: DO 1 = 1 TO N; 












PUT EDIT( •INCLINATION-BODY MAGNETISATICN• ,HM)(SKIP,X(10),A,F(6 ,1 ) ) 
PUT EDITC IKCLI NAT I ON-EARTHS FI ELD•,HE) ( SKIP,X<10),A,X{6),F(6,1)); 
PUT EDIT('AZIMUTH-BODY MAGNET I SAT ION' , ALFM ) (SKIP,X(10),A,X(4), 
F ( 6 , l > ) ; 
PUT EDITC AZIMUTH-EARTHS F I ELD • , ALFE) ( SK IP , X( 10 ) , A , X< 10) t F ( 6 ,1) ) ; 
PUT EDITCSIGMA' ,HHE) ( SKIP,X(10),A,F(8,1 ) ) ; 
PUT EDIT( ' MU'fHHM) ( SKIPfX(lG) , A , X ( 3 ) , F ( 8 , D ) ; 
JF I L *.PROC OPTIONS(NAIN) ;. /* A« INGLES» APRIL 1971 */ 
PUT SKIP I 2) ; 
PUT SKIP £OIT{'OBSERVED GRAVITY AND MAGNETIC ANOMALIES')(X(10)»A) ; 
DO 1=1 TO N; 
PUT SKIP E D I T ( I , X S ( I ) , Z S , D A < I ) , D B ( I ) ) ( X ( 1 0 ) , F ( 5 , 0 ) , F ( 1 0 , 4 ) , X ( 5 ) , 
F ( 3 , 1 ) , X ( 5 ) , F ( 1 0 , 1 ) , X ( 5 ) , F ( 1 C , 1 ) ) ; 
END; } 
PUT S K I P ( 2 ) ; 
PUT SKIP EDIT( 'BLOCK CONFIGURATION*)(X(1Q) »A); 
CO J = l TO M; 
PUT SKIP EDIT(J,BX(J),ZT,ZB) (X ( 1 0 ) , F ( 5 , 0 ), F (10,4 ) , F ( 1 0 , 4 ), F ( 1 0 , 4 ) ) 
END ; 
DC 1=1 TO NC; 
T X ( I ) = D A ( I ) ; 
II=M-NO+I; 
JJ=NO+l; 
T X ( J J ) = D A ( I I ) ; 
END; 
L8: CALL TAPSUB(TX,NN ,N0) ; 
CO 1=1 TO NO; 
D A ( I ) = T X ( I ) ; 
I I = N - N O + I ; 
JJ=NO+I; 
D A ( I I ) = T X ( J J ) ; 
END; i 
PUT SKIP EDIT( 'TAPERED•,N0,'GRAVITY .VALUES' ) < X ( 1 0 ) , A,X ( 1 ) , F(2 ) , 
X ( 1 ) , A ) ; ; 
PUT S K I P ( l ) ; 
DO 1=1 TO NN; 
PUT E D I T { T X ( I ) ) ( F ( 1 0 , D ) ; 
END; 
DO 1=1 TO NO; , 
T X ( I ) = D B ( I ) ; i 
II=N-NO+I; 
JJ=NO+I; 
T X ( J J ) = D B ( I I ) ; 
END; 
L9: CALL TAPSUB(TX,NN,NO); 
DO 1=1 TO NO; 
DB(I ) = T X ( I ) ; 
II=N-NO+I; 
JJ=NO+I; 
D B ( I I ) = T X ( J J ) ; 
END; 
PUT SKIP ED IT(•TAPERED•,NO,'MAGNETIC VALUES • ) ( X ( 1 0 ) , A , X ( 1 ) , F ( 2 ) , 
X ( 1 ) ,A) ; 
PUT SKIP( 1 ) ; 
CO 1=1 TO NN; 




DO J = l TO M- l ; 
DO 1=1 TO N; 







PUT SKIP EDIT('IN-LLSQ' ) ( A ) ; 
CALL L L S C ( G K ( 1 , 1 ) , D A ( 1 ) f N t I W i I Q i S ( l ) f I P I V ( l ) • E P S , I E R , A U X ( 1 ) ) ; 
PUT SKIP L I S T ( I E R ) ; 
IF IER--=0 THEN DO; 
1 PUT ED IT( 'FAI LURE IN LLSQ•)(SKIP?A) ; 
1 GO TO LE; 
1 END; 
ELSE; 
PUT ED I T ( * DENSITY DISTRIBUTION•)(SKIP(2),A); 
PUT S K I P U ) ; 
DO J = l TO M-l; 
1 PUT EDIT ( S ( J ) ) ( X( 6) , F ( 14, 6) ) ; 
1 END; 
LIO: DA=0; 
GK = C; 
CALL MSUB(GK,XS,BX,ZT,ZB,CA,CB,A,N,M)J 
DO 1=1 TO N; 
1 DO J = l TO M-l; 
2 D A ( I ) = D A ( I ) + ( G K ( J , I ) * S ( J ) ) ; 
2 END; 
1 END; 
L l l : TO 1=0;' 






DO 1=1 TO N; 
1 T02=T02 + ABS(DB( I ) ) ; 
1 END; 
Y0BA=T02/YN; 
DO 1 = 1 TO N ; 
1 CC(I)=DB(I)/YOBA; 
1 END; 
PUT EDITt 'NORMALIZED OBSERVED MAGNETIC ANOMALY')(SKIP(2),A); 
PUT S K I P U ) ; 
L13: DC 1=1 TO N; 
1 PUT E D I T ( I i D C U ) ) (X(2) ,F(3) ,X (3 ), F( 12 ,4 ) ); 
1 END; 
DO 1=1 TO N; 
1 DA(I)=DA(I)/YCBA; ! 
1 END; 
PUT EDIT('NORMALIZED CALCULATED MAGNETIC;ANOMALY 1)(SKIP(2),A); 
PUT S K I P U ) ; 
L14: DO 1=1 TO N; 
1 PUT E D I T ( I , D A ( I ) ) ( X ( 2 ) , F < 3 ) , X ( 3 ) , F ( 1 2 , 4 ) ) ; 
1 END; 
NUFILrPROC OPTIONS ( MAIN ) ; /* A., INGLE S ,APRI L 1971 */ 
ST 
L15: DC 1=1 TO N; 
1 DA(I)=DA(I)*YOBA; 
1 EN D ; 
PUT EDIT(•OBSERVED,SCALED CALCULATED AND RESIDUAL ANOMALIES') 
(S K I P ( 2 ) , A ) ; 
L16: DO 1=1 TO N; 
1 DC{I) = DB(I )-DA(I ) ; 
1 END; 
DO 1 = 1 TO I I ; 
1 PUT SKIP E D I T ( I , X S ( I ) , D B ( I ) , D A ( I ) , D C ( I ) ) ( F ( 5 ) , X ( 5 ) , F ( 8 , 3 > , 
X ( 5 ) , F ( 1 0 , 2 ) , F ( 1 0 , 2 ) , F ( 1 0 , 2 ) ) ; 
1 END; 
S=o; 
CALL L L S Q ( C K ( l f l ) , B C ( l ) , N , I W , I Q , S ( l ) , I P I V ( l ) , E P S , I E R , A U X ( l ) ) ; 
PUT SKIP LI ST{IER); 
IF IER^=0 THEN DO; 
1 PUT SKIP EDIT( • FAILURE IN LLSQ'HA); 
1 GG TC LE; 
1 END; 
ELSE; 
PUT EDITC DISTRIBUTION OF MAGNETISATION DUE TO RESIDUALS')( SKIP ( 2) 
»A); 
L17: DO J = l TO M-l; 
1 PUT SKIP E D I T ( J , S ( J ) ) ( X ( 5 ) , F ( 5 ) , X ( 5 ) , F ( 1 C , 6 ) ) ; 
1. END; \ 
GO TO LE; 
GSUB:PROCEDURE(GK,XS,BX,ZT,ZB,GOH,N,M); 
DC L (GK(M-l,N),XS(N),BX(M)) FLOAT; 
DC L ( ( X , Z ) ( 5 ) , ( S S t C C ) ( 4 ) ) FLCAT; 
DCL ( X i , Z l , R l , F I 1,X2,Z2,R2,FI2,H,W) FLOAT; \ 
CCL (I,J,K,M,N) FIXED BI N ( 3 1 ) ; 
DO J = l TO M-l; \ 
1 X ( 1 ) , X ( 2 ) , X ( 5 ) = B X ( J ) ; 
1 X ( 3 ) , X ( 4 ) = BX(J + 1 ) ; 
1 Z ( l ) , Z ( 4 ) , Z ( 5 ) = Z T ; 
1 Z(2),Z(3)=ZB; 
1 DO 1=1 TO N; 
2 X 1 = X ( 1 ) - X S ( I ) ; 
2 z i = Z ( l ) ; 
2 R1=X1**2+Z1**2; 
2 FI1=(1.5708-ATAN(X1,Z1) ) *, 
2 DO K=l TO 4; 





3 SS(K) = (Z(K + 1 )-Z(K) >/>; 
3 CC(K)=(X(K)-X(K+1))/H; 
3 W=0.5*SS(K)*L0G(R2/R1)+CC(K)*(FI2-FI1) ; 
3 GK(J,I)=GK(J,I)+G0H*(Z2*FI2-Z1*FI1-W*(X1*SS(K)+Z1*CC(K))); 
3 X1=X2; Z1 = Z2; R1=R2; F U = F I 2 ; 
3 END; 
2 END; 




MSUB :PROCEDURE(GK,XS,BX,ZT,ZB,CA,CB,A,N,M ) ; 
DCL (GK(M-1,N),XS(N),BX(M)> FLOAT; 
DCL (X1,X2,Z1,DD,EE,R1,R2,T1,T2,TT,TBA,THETA) FLOAT; 
DCL (I,J,M,N) FIXED BI N ( 3 1 ) ; 
DCL LINK LABEL; 
CO 1 = 1 TO N ; 
1 DO J = l TO M-l; 
2 X1=BX(J)-XS(I); 
2 X 2 = B X { J + l ) - X S ( I ) ; 
2 Z1=ZT; 
2 LINK=LS1; 









2 TBA=T2-T1; ! 
2 THETA=ATAN(TBA,TT); 
2 EE=TFET A*CB+LOG(R2/R1)*CA; I 
2 GO TO LINK; , i 
2 LS3:GK(J , I)=(DD-EE)*A; 
2 END; i 
. 1 END; : 
END MSUB; ; 
TAPSUR i PROCEDURE(TX,NN ,NO); 
DCL TX(NN ) FLOAT; 
DCL (NN,NO, I , I A , IN) FIXED BIN(31); 
DCL (PI jANO»PHI »CPHI ,SPHI ,CTHET1 »STHET1;» CTHET2 »STHET2 ) FLOAT; 
PI=4oO*ATAN{1.0) ; 
i ANG=(N0-1 )*1«0; 
PHI=PI/ANO; 
CPHI = COS(PHI ) ; 





DO 1=1 TO NO; : 
1 IA=NN-I+l; 
1 I N = I ; 








NUFIL:PROC OPT IONS{MA IN ) ; /* A.INGLES,APRIL 1971 */ 
STMT LEVEL NEST 
265 2 LE:END; END NUFIL; 
APPENDIX Q. 
THE DIFFERENCE IN DEPTH TO MAGNETIC SOURCES. 
I f a two-dimensional magnetic anomaly f o u r i e r component 
has an amplitude A Q, as measured on the x - a x i s , and a 
wavelength "X = 2 r r / k , i t may he w r i t t e n down as a s o l u t i o n 
to Laplace's Equation as, 
A(x) = A Q sinkx 
and a t a depth of z, f o r p o s i t i v e z and k, as 
kz, 
A(x,z.) = A Qe sinkx (G.l.) 
( B o t t and jStacey, 1967). 
Now, i f two i d e n t i c a l sources at d i f f e r e n t z^ and z 2 
produce magnetic f o u r i e r component amplitudes A^ and as 
measured at z = 0, then the depth d i f f e r e n c e may be calc u l a t e d 
from 
h_ = e k ( 2 l " Z2> 
A 2 
or 
( z 1 - z ) * I l o g A l 
1 ^ k e i A 2 J (G.2) 
--/^is 
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